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11 Introduction
This chapter will serve as an introduction to the thesis subject area. Short back-
ground information is provided to introduce the reader to the domain, problem
statements are given for which appropriate answers will be sought in the course of
this thesis and the structure, methodology and scope of the work will be introduced.
1.1 Background and goals
Mobile telephony has taken the world by storm over the past decade; the num-
ber of mobile subscribers has increased from approximately 136 million in 1996 to
over two billion in 2006 and is predicted to reach three billion subscribers by 2008
[Inf06, Nok06]. In recent years, so-called third generation (3G) mobile networks have
been launched and an increasing weight is put on advanced mobile services beyond
voice and simple text-based messaging. It is expected that mobile data services in
particular will have a major impact on the industry and again revolutionize how we
think of the phone and what we do with it.
Many predictions have been made on what the mobile networks and services of
the future will look like; ubiquitous access to ultra-fast networks, smart adaptive
services, helpful mobile agents and other futuristic-sounding features are plentiful
in many of the visions [YuH03, RyP05, Taf04, JKK03, Mit04]. However, the reality
of mobile services that we are witnessing in everyday life is showing us a somewhat
more restrained view - the development of mobile services has, for the most part,
been evolutionary and revolutionary new "killer services" remain elusive. Also,
the adoption rates for new services have largely lagged behind the industry desires
and expectations [FeR05]. Nevertheless, many new services have entered the mobile
domain, originating especially from the existing Internet-services and existing mobile
services have gradually been enhanced as handset capabilities have improved.
At the same time, numerous new wireless network technologies are being developed.
Sometimes this development takes place without a clear, demonstrated demand from
the subscribers, the services or the service providers in terms of service-based re-
quirements. Standardization organizations like 3rd Generation Partnership Project
(3GPP) and WiMAX Forum are already in advanced stages of standardizing new
mobile wireless networks and several industry players are taking part in long-term
research with the focus of developing future mobile networks. While so-called fourth
generation (4G) mobile networks are often seen as focusing on seamless integration
2of multiple wireless technologies, the majority of actual new mobile networks cur-
rently being developed by the industry are focusing on improving packet data access;
increasing throughput and capacity while reducing end-to-end delays and delivery
costs [YuH03].
It is commonly thought that services will simply appear or emerge to ﬁll any oﬀered
bandwidth; that no matter how fast the networks are, all available bandwidth will
be utilized one way or another. There is also an implied expectation that this will
happen in a manner that is proﬁtable for all parties involved. While this type of
development has for the most part been true with ﬁxed Internet access and services,
does the same hold true for mobile wireless access where the medium restrictions
of capacity and throughput are much more diﬃcult and expensive to overcome?
Will there be an unending need for wide-area wireless packet data access for which
people are willing to pay enough for to support the mobile operators launching these
networks? What will the services be that create such a demand? Indeed, will there
be such services?
These are some of the questions this thesis will attempt to answer. The questions
are especially pertinent in light of slower-than-expected takeoﬀ of 3G data services
[FeR05]; while usage of advanced data services is steadily increasing, the majority
of subscribers are still not using them [Her05]. Mobile operators, however, continue
to rely heavily on the assumed take-up of mobile data services to save their falling
ARPUs (Average Revenue Per User) [RSG05]. With 1x EV-DO and WCDMA third
generation technologies and their further developments including High-Speed Down-
link Packet Access (HSDPA) approaching or exceeding basic DSL speeds and with
mobile data services essentially in their infancy, it is reasonable to ask what kind
of new mobile networks will be needed in the near- or mid-term future. Will they
be the kind of networks that are currently being developed, focusing on high-speed
packet data access? Or will the need be for something diﬀerent? As the practical
methods which would take into account the customer requirements are often miss-
ing from service development, should they also be utilized in network development
[GeL04]?
1.2 Methodology
To attempt to answer the questions posed above, this thesis takes a service-oriented
view to the development and needs analysis of new mobile networks. Figure 1
gives an overview to the simple methodology utilized in this thesis. Two basic sets
3of information feed a resulting service-network mapping: current and near-future
mobile networks and current and near-future mobile data services.
Service 
requirements  & 
network capability 
mapping
Expected future 
mobile services 
and their 
requirements
Near-term future 
mobile networks 
and their 
capabilities
Current mobile 
services and their 
requirements
Current mobile 
networks and their 
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Services
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Figure 1: Study methodology.
As the ﬁrst starting point, currently available mobile services and the performance
characteristics of the commonly deployed mobile networks are taken into account. In
this thesis, emphasis on service requirements is placed on the performance required
from the networks: throughput bitrates, packet loss and end-to-end delay charac-
teristics. As many of the future mobile networks are being developed with the aim
of improving these characteristics, this approach is seen as the appropriate verify-
ing methodology from the services side also. Other diﬀerentiating features of the
mobile networks such as core network architectures, operator business models and
CAPEX/OPEX (Capital expenditure / Operational expenditure) cost structure of
running the networks are taken only into cursory consideration where appropriate.
As a second set of base information, the requirements of the predicted near-future
(up to ﬁve to eight years from the time of writing) mobile services and the per-
formance characteristics of the near-future mobile networks will be collected. The
list of future services is based on the predictions in existing research and on the
ongoing gradual enhancement of current mobile services. On the network side, the
future networks covered will include mobile networks that are currently suﬃciently
advanced in their development so that their real-world performance can be predicted
relatively reliably.
The requirements from the existing services and new services as well as the capa-
bilities of the existing networks and future networks are then used as input for a
service-network mapping, depicting which networks can support which services. In
4essence, the idea is to validate whether the future mobile services will need the per-
formance that will supposedly be provided by the future mobile networks or whether
their performance is even suﬃcient to support the predicted future mobile services.
In short, an analysis is made to determine whether the future mobile networks being
developed match the needs of the future mobile services.
While acknowledging that there may be business or competitive reasons for the
development of the new networks, a purely service-based approach is utilized in
the belief that it will result in a more authentic needs analysis for the new net-
works. The intention is not to determine whether the networks being developed
will be ﬁnancially successful for the mobile operators or the companies developing
and selling them, but rather to aid in constructing a view as to what are the real
expected requirements of future mobile services and how these requirements ﬁt to
the capabilities of the new networks being developed.
1.3 Scope and Structure
From the networks side the scope of this thesis includes only mobile networks. Mobile
networks in this context are considered to be synonymous to cellular, wide-area
wireless networks capable of performing (seamless) handovers. With this scope
limitation, ﬁxed-point wireless networks or local area wireless networks such as ﬁxed
WiMAX (802.16-2004) and Wireless Local Area Networks (WLANs, 802.11) are
considered out of scope for this thesis. Ad-hoc networks and wireless networks not
capable of handovers are also out of scope for this thesis. Finally, the scope of
mobile networks is reduced to include only mobile networks which support packet
data services and those that are either already commercially deployed or are expected
to have commercial deployments within the following ﬁve to eight years. Old mobile
networks like AMPS and long-term future technologies without clear productization
and time-to-market plans are therefore considered to be out of scope for this thesis.
It should be emphasized that this thesis is neither about fourth generation networks
nor the need for the same. In addition to being a relatively long-term research
topic, 4G technologies can be seen to encompass much more than just physical
wireless radio network technologies, as was already noted earlier. This thesis does
not, as such, focus on factors such as seamless interoperability of diﬀerent wireless
technologies, mobile agents or many other factors that are seen to be part of 4G.
On the services side, only advanced mobile data services which have the potential
5of becoming "mainstream" consumer services, will be taken into account. Limiting
the services to potential mainstream services means that speciﬁc niche services such
as those developed for a single corporation or other services with a severely, fun-
damentally and permanently limited userbase, are not taken into account. While
"mainstream" is a ﬂuid concept, the services focused on include services that are
currently in widespread use either in the mobile domain or the Internet domain.
Limiting the services to advanced mobile data services means that the majority of
the current mobile data services, being based on SMS, are out of scope for this the-
sis. The primary reason for limiting the scope to advanced mobile data services is
that it is unlikely that the currently dominating services - services based on voice
and SMS - will be the drivers for any future mobile networks; the current networks'
capabilities and capacity for handling the current and forecasted voice and SMS
traﬃc is likely to be suﬃcient.
Introduction
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(Chapter 2)
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current mobile 
services
(Chapter 3)
Capabilities of 
planned mobile 
networks
(Chapter 5)
Expected future 
mobile services & 
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(Chapter 4)
Service mapping
(Chapter 5)
Conclusions
(Chapter 6)
Figure 2: Logical structure of the thesis.
The logical structure of the thesis is depicted in Figure 2. Chapter 1 introduces the
work domain and sets the stage by deﬁning the thesis targets and scope. Chapter 2
provides an overview of the current mobile packet data networks, their performance
6characteristics and the service delivery architectures in use as well as developments
regarding network openness. Chapter 3 presents an overview of the services side,
presenting the requirements that various advanced mobile data services place on the
networks. The main challenges for the usage of advanced mobile data services are
also discussed.
Chapter 4 turns to look at the future mobile services; how the current services can
be expected to evolve and what, if any, revolutionary new services can be fore-
seen. Additionally services which place extraordinary requirements to the mobile
networks are identiﬁed, and an overview is provided of the predicted requirements
set by the new services. In Chapter 5, the background information from previous
chapters is collated by bringing together the capabilities of the mobile networks and
the service requirements. The aim of Chapter 5 is to determine, through service-
network mapping, whether the new mobile networks being developed are required
and appropriate from the services point of view.
Finally, chapter 6 concludes the thesis with a review of the key ﬁndings, considera-
tions and recommendations.
72 Characteristics of current mobile networks
Mobile networks are often categorized into three main "generations", the ﬁrst gen-
eration consisting of the very ﬁrst mobile networks which were based on analog
technologies. While some mobile networks based on 1st generation technologies re-
main in operation, a large portion of them, like the Nordic NMT network, have been
shut down in favor of second generation technologies.
The second generation (2G) mobile networks, which are currently the dominant
networks in use, consist of digital mobile networks such as GSM and CDMAone.
After their initial deployments, several enhancements have been made to 2G net-
works, typically called 2.5G. The main 2.5G technology is called GPRS (General
Packet Radio System), which provides packet data access. Its subsequent develop-
ment EDGE (Enhanced Data rates for GSM Evolution), sometimes called a 2.75G
technology, provides enhanced packet data rates.
In recent years, third generation technologies have been taken into use. The most
signiﬁcant characteristic of these 3G networks is their capability of relatively high-
speed packet data transfer. 3G also exhibits the beginnings of the now clear trend in
mobile network architectures; the networks are being increasingly designed and opti-
mized to serve packet data traﬃc instead of the currently dominating and ubiquitous
circuit-switched (CS) voice traﬃc. While 3G networks still contain circuit-switched
functionality, used to make normal voice calls on 3G networks, the CS part is ex-
pected to be left out of future mobile networks.
The aim of this chapter is to provide a quick overview of the current commonly
deployed mobile networks and their performance characteristics. Also, an overview
to the packet core network and service delivery architectures and models is provided.
As the ﬁrst-generation mobile networks are being phased out of use, they will not
be taken into consideration at any step.
2.1 Overview of deployed mobile packet data networks
There is a wide range of mobile packet data networks currently deployed. This
section ﬁrst introduces the main network "families" and then gives an overview to
the commonly deployed mobile networks and their performance characteristics.
82.1.1 Network families
The world of mobile networks can be roughly divided to two main competing tech-
nological camps; GSM and CDMA. Together, these network "families" (including
their further developed versions of the base technologies) account for the vast major-
ity of the worlds mobile subscribers, with the GSM family alone claiming a market
share of 81% [3GA06a]. GSM and its successors are being standardized in an in-
dustry consortium called Third Generation Partnership Project (3GPP) while the
standardization of the CDMA-track is organized under a similar consortium called
Third Generation Partnership Project 2 (3GPP2).
Geographically, the European market is dominated by the GSM technology. Here,
WCDMA (also standardized by 3GPP) is the 3G network of choice for most GSM
operators, partly thanks to an evolutionary network architecture path from GSM
as deﬁned by 3GPP. In the United States and some parts of Asia, CDMA-family
networks have a much stronger foothold. For example in the United States, CDMA
networks currently have a market share of almost 50%, over three times the global
average market share of CDMA technologies. Also, some countries in Asia have
chosen to go almost exclusively with CDMA-based networks - in Korea, for example,
CDMA enjoys close to a 99% market share [Inf06].
0.20%
13.80%
78.00% 1.10%
1.90%
2.60%
2.50%
Analog
CDMA
GSM
iDEN
PDC
TDMA
W-CDMA
Figure 3: Global market share of cellular subscribers by technology [Inf06].
9Global cellular subscriber market shares of diﬀerent cellular technologies can be seen
from Figure 3; the CDMA category includes all CDMA-family technologies, whereas
WCDMA is separated from the GSM category. Large-scale rollout of WCDMA net-
works began a few years ago and as of this writing (May 2006), there are 108 com-
mercial WCDMA networks in operation in 44 countries globally, with new networks
being launched in frequent succession [GSA06].
2.1.2 Performance characteristics of mobile packet data networks
Table 1 gathers together the main packet data network technologies in use today.
The list contains technologies from diﬀerent generations: CDMAone and GPRS can
be categorized as 2.5G technologies, EDGE and CDMA2000 1x as 2.75G technologies
and WCDMA as well as CDMA2000 1x EV-DO networks as 3G technologies. The
technologies listed were chosen due to their combined dominance of the currently
deployed mobile packet data networks; very few packet data networks using other
technologies are currently deployed. As was seen from Figure 3, the market share of
other technologies - analogue technologies, iDEN, PDC and TDMA - is negligible
and has been consistently decreasing over the past years [Inf06].
The Japanese 3G technology FOMA, which is not included in the list, can be con-
sidered a local exception. It has enjoyed considerable success within Japan, but as
its deployment elsewhere has been next to non-existent and due to its close relation-
ship with WCDMA (a technology which it is based on), FOMA has been omitted
from the list. Finally, while there are a number of commercial deployments of HS-
DPA networks (also called 3.5G), there are very few subscribers in those networks
- HSDPA networks will therefore be handled in Chapter 5, along with other future
mobile networks.
As can be seen from Table 1, the various networks in use today diﬀer signiﬁcantly in
terms of performance which obviously aﬀects the kind of data services they can sup-
port. The table lists simple performance numbers for each network; the maximum
theoretical throughput that the system can support, contrasted with the typical ob-
served throughput in real live networks, a typical observed Round Trip Time (RTT)
in the network and the deployment status of the technology in question.
One limitation of the information presented in Table 1 is that only downlink data
speeds are included. The reason for this is that many services in use today like
web browsing as well as streaming audio and video are heavily asymmetric in na-
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• Widely deployed with
over 100M subscribers 
(including IS-95A)
Unable to locate reliable 
data; assumed to be 
comparable to GPRS.
10-40 kbps115.2 kbpsCDMAone(IS-95B)
• 33 commercial networks 
in operation 
• 39 planned for launch
in 2007
400ms600-1000 kbps 2480 kbpsCDMA2000 1x EV-DO Rev 0
• 146 commercial 
networks in operation
• 30 planned for launch
in 2007
500-800ms 
80 kbps
80-100 kbps
307 kbps
614 kbps 
CDMA2000 1x
• 102 commercial 
WCDMA networks in 
44 countries
250ms 128-384 kbps2000 kbpsWCDMA
• 136 commercial EDGE 
networks in 76 countries500-600ms128 kbps473.6 kbps EDGE
• Widely deployed; over
190 GPRS-networks, 
110M subscribers
• With GSM, 1.7B
subscribers
700-1100ms30-40kbps171.2 kbpsGPRS
Deployment StatusTypical 
observed RTT
Typical observed 
throughput
Maximum theoretical 
throughputNetwork
Table 1: Performance overview of current packet data network technologies [Beh05,
HRM02, HoT00, BMV04, Gur02, Koh03, JaR03, You06, CDG06, HBP06, Red05,
Das03].
ture, utilizing much more the downlink channel of the last-mile network than the
uplink [Böl01, Les02]. However, with the growing popularity of VoIP, peer-to-peer
ﬁlesharing services and consumer-created and -distributed content, this situation
is changing somewhat as traﬃc is growing more symmetrical. Another reason for
omitting the uplink speeds was the fact that the actual uplink speed is largely de-
pendant on the network conﬁguration and can vary signiﬁcantly among diﬀerent
deployments of the same technology.
The maximum theoretical peak data rates quoted in the reviewed literature dif-
fer slightly depending on the source. These discrepancies are partly explained by
diﬀerent understanding of the maximum data rates; for example, whether the peak
maximum or the sustainable maximum data rate is referred to. The numbers quoted
in the table are based on the ﬁgure(s) most commonly seen in the reviewed litera-
ture. The same applies to real-world ﬁgures in the "typical observed throughput"
column, which understandably also diﬀer case by case.
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Diﬀerences in network conﬁgurations and conditions create additional ambiguity
to the numbers. For example, in a GPRS network there are four coding schemes
available, named CS-1 through CS-4. CS-4 is the fastest with 21.4kbit/s speed per
GSM time slot, allowing for a maximum speed of 171.2kbps but it can only be
used if the channel provides relatively good radio conditions. Also, radio capacity
reserved for uplink and downlink varies depending on the network conﬁguration.
As witnessed by the typical observed throughput-column, the presented numbers
for theoretical performance should therefore be considered practically unachievable
ideal-case scenarios. Some reasons for this diﬀerence in theoretical and observed
performance are discussed below.
2.2 On typical end-user performance
When comparing the theoretical maximum and typical observed data rate through-
puts of the diﬀerent technologies in Table 1, it can be seen that no technology is able
to deliver even near its full theoretical performance to end users under typical con-
ditions. There are several reasons on multiple levels of the network architecture for
this large discrepancy between theoretical and observed data rates, some of which
are shortly discussed below.
2.2.1 Radio and low-level causes for lower than expected performance
Multiple reasons for poorer-than-speciﬁed radio performance can be found already
from the lowest, physical levels of the technologies. The most important "low-level"
reasons for worse than expected radio performance are the following:
• The theoretical maximum usually assumes only one active user in the cell or
sector at any given time. In real environments, there may be severe conges-
tion and competition for the resources in the cell, in which case the network
attempts to divide the available bandwidth evenly among those requesting it.
• The theoretical maximum assumes ideal radio conditions. Phenomena such
as multipath propagation, fading, distance from the BTS (base transceiver
station), interference from radio and other sources as well as buildings and
other terrain features ensure that ideal radio conditions are in practice never
observed [Kaa01]. Additionally, conditions can vary suddenly, unexpectedly
and frequently, which signiﬁcantly degrades the average performance.
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• Certain coding schemes or speciﬁcations, while standardized and in the oﬃcial
speciﬁcations, may never be implemented by the equipment vendors on the
network side, the handset side or both. Thus, with commercial equipment the
theoretical maximum speeds may not be actually even theoretically possible
under perfect conditions.
• As was already mentioned, the theoretical peak rates assume a certain kind
of radio link conﬁguration; for example, theoretical maximum downlink and
uplink speeds may not be achievable in the same deployment. Operator con-
ﬁgurations can vary depending on, for example, the predicted data traﬃc
patterns in a particular area.
2.2.2 Higher level causes for performance degradation
In addition to "simple" reasons like throughput on the radio/physical layer being
lower than the theoretical maximum, other factors degrading the end-to-end perfor-
mance should also be taken into consideration. One of these factors causing consid-
erable delay especially in GPRS networks is the delay of going "online"; a mobile
terminal does not typically have a packet data connection set up at all times. With
GPRS, this means that whenever the mobile device needs to connect to the packet
data network after a period of being "oine", it needs to set up a so-called Packet
Data Protocol (PDP) Context with the packet data core network elements before it
can communicate over the packet radio. This PDP context activation time can take
several seconds [Fos02, PPF05]. Some higher-level reasons for worse than expected
end-to-end performance include the following:
• When a handover occurs from one cell to another, the handover is often seam-
less only with the circuit-switched voice call. Packet data connections, on the
other hand, often experience a noticeable break in the data stream which can
cause severe service degradation for unbuﬀered services. For example, if using
a GPRS connection from a fast-moving vehicle like a train, these breaks oc-
curring from frequent connection handovers can severely degrade the average
throughput and in extreme cases make the connection essentially unusable.
• The theoretical data rates typically refer to "raw" radio link data rates, whereas
applications often run on top of several other protocols such as TCP/IP. These
protocols add sometimes signiﬁcant overhead and thus decrease the observed
performance.
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• Mobile networks generally experience longer round trip delays than ﬁxed net-
works, causing some transport protocols such as standard TCP to behave
in a suboptimal fashion. Optimizing the TCP performance for diﬀerent mo-
bile environments has long been and continues to be an active research area
[Koj97, Cha04].
• Applications themselves are not often mobile-optimized in an end-to-end fash-
ion; the software at the mobile client can implement some mobile optimiza-
tions, but the range of optimizations that can be done is somewhat limited
should the service counterpart (e.g. a web server) not be aware of any mobile
optimizations.
Due to all the various reasons mentioned above, real-life application performance
can be dramatically lower than what could be expected by purely looking at the
theoretical data rates. As a rule of thumb, it can be said that a realistic throughput
for mobile data networks is only approximately 10-30% of the theoretical maximum
data rates. Considering that many users are used to receiving exactly or nearly ex-
actly the speciﬁed speeds on the ﬁxed-side Internet connections (such as on ADSL),
disappointments when using mobile packet data networks are not surprising.
Obviously when a mobile service is deployed and used, it will face real-world condi-
tions on both radio- and higher layers. As new networks are often advertised with
their peak theoretical throughput rates, the real-world performance can be a sig-
niﬁcant disappointment to operators and subscribers alike. This has implications
for the analysis performed in this thesis also: when determining what services the
networks can support, the realistic performance ﬁgures must be the ones taken into
account, not the theoretical values which would give an overly optimistic view of
the network performance.
2.3 Service delivery architectures
Diﬀerent mobile services require varying degrees of support from the underlying
network. These supporting systems, called service delivery systems, and their archi-
tecture is the topic of this section. This section will introduce the diﬀerent service
delivery architectures in use in mobile networks today. The diﬀerence of SMS-based
and IP-based services is highlighted from the service delivery architecture's point of
view and a short overview of IP-based service delivery infrastructures is provided.
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2.3.1 From SMS to IP - changing picture of service interoperability
The majority of mobile data services that are in use today require some sort of in-
frastructure; for the SMS service, this infrastructure is provided by the SMS Centers
(SMSC) owned and operated by the mobile carriers. For more advanced IP-based
services, the infrastructure can, from the operators point of view somewhat paradox-
ically, be either simpler or considerably more complex than the SMS infrastructure.
The diﬀerence comes from how the services are oﬀered; by the operator or by a third
party "in the Internet", not aﬃliated with the operator. The subject of diﬀering
service domains will be returned to shortly.
In addition to their radio interface, the mobile networks diﬀer also in their core
network architectures and how diﬀerent mobile services have been implemented in
the networks. The diﬀerences in service implementation have caused - and continue
to cause - problems in service interoperability with even some of the very basic mobile
services such as SMS; originally developed for the GSM network, short message
services were subsequently implemented also in CDMA-based networks. However,
the interoperability - i.e. the message traversal from one network type to the other
- remains problematic even today.
Considering the advanced packet data services and, in particular, fully IP-based ser-
vices, the diﬀerent core network architecture diﬀerences become less of an issue. This
is because on one hand the core network IP service architectures are moving closer
to each other with, for example, 3GPP and 3GPP2 adopting similar IMS architec-
tures. On the other hand, with pure IP-services where only IP-level connectivity is
needed, mobile operators' policies become more important than the architectures'
technical diﬀerences.
Policies play a role in several ways, one of the most important being the "walled
garden" model of mobile services, which mobile operators have traditionally favored.
In this model, the subscribers are limited in their access to outside the operator's
own network, hence the name walled garden. While security and other reasons
have been used as justiﬁcation, the more commonly accepted view is that through
walled-garden policies, mobile operators are attempting to protect their service in-
frastructure and services from outside competition. In practice this means that
subscribers have not been able to access the Internet from many mobile networks
up until recently.
15
2.3.2 Mobile packet data network architecture
Figure 4 depicts a simpliﬁed high-level architecture of a mobile packet data network.
There are some diﬀerences between various standards, but the high-level architecture
and the functional elements are quite similar among diﬀerent networks. The mobile
terminals are connected via an air interface link to the base transceiver stations
and the whole Radio Access Network (RAN). When considering IP-based services,
the connection points in the packet core network (in the case of GPRS, EDGE and
WCDMA) are called SGSN and GGSN network elements. GGSN, the Gateway
GPRS Support Node, is the gateway acting between the mobile operators packet
core network and the packet-switched public data network; typically the Internet.
In recent years, much eﬀort has been put into standardizing the IP Multimedia
Subsystem (IMS) service delivery architecture in 3GPP. Currently mobile operators
are in the process of deploying IMS systems, and it has been marketed as the service
delivery platform of choice for future SIP / IP-based services [Bri06]. However, very
few commercial services based on IMS are currently available and there is an ongoing
debate on the usefulness of the entire IMS architecture [Ged05, Ged06].
For the purposes of this thesis, the important thing in the architecture diagram is
the split to two diﬀerent service domains; on one hand the mobile operator network,
where the future services are envisioned to be delivered using the IMS and on the
other hand, the Internet domain where the service providers are companies or even
private individuals operating a service infrastructure publicly accessible over the
Internet. With the GGSN acting as a single point of entry to and from the mobile
operators packet data networks, it, along with possible ﬁrewalls installed at the Gi
interface of the GGSN (the interface towards the public packet networks), can be
used as an eﬀective control point by the mobile operator.
For simplicity, other operator services such as servers required to support SMS, MMS
or even voice services are not shown in the architecture diagram of Figure 4; it focuses
purely on the packet data network architecture. Also, on the Internet section, major
simpliﬁcations have been made by omitting the structure of the Internet and the
associated ISP networks.
When looking at the operator and Internet domains from the perspectives of the
subscribers and the service providers, what are the diﬀerences to be considered?
Does it make a diﬀerence whether the service is delivered from an Internet service
provider or by the mobile operator from inside the mobile operator network? One of
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Figure 4: Simpliﬁed architecture of a mobile packet data network. (Based on [Kaa01,
CaG04])
the downsides that is often emphasized by the mobile operators is that for services
accessed over the Internet, there can not be any quality of service (QoS) guarantees
for the service delivery. While this is true, it is also true for the "ﬁxed Internet".
Yet, lack of QoS guarantees has not stopped service innovation or the successful
oﬀering of even real-time communication services over the Internet. Diﬃculties can
also rise from the possible lack of an existing customer relationship and charging
infrastructure when operating outside the mobile operator domain. However, one
of the most critical aspects is the walled garden-approach mentioned earlier; devel-
opments leading to opening up the mobile networks towards the Internet will be
discussed in the next section.
2.4 Opening of the mobile networks
As was mentioned, service delivery architecture in mobile domain has largely been
based on the walled garden approach, an approach where access to the public Inter-
net is either blocked, limited or charged excessively. This closed picture of service
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delivery is, however, slowly starting to change; it is no longer so easy for mobile op-
erators to block their subscribers from accessing services outside their own network.
There are multiple reasons behind this development, some of which are discussed
below.
2.4.1 Competition and regulation: by fair means or foul
Competition from the Internet services is not only an inhibitor for opening up the
access to the Internet, but also a driver for some operators. Indeed, there is a clear
distinction in how diﬀerent mobile operators feel about "Internet services". Mobile
operators who desire to operate on a bit-pipe business model (only oﬀering access
at a competitive price) are promoting Internet services and also open access to the
Internet. On the other hand, many incumbent operators have their own content and
service creation business and operate a large content and service provider-partner
network, from which they receive a sizeable income by managing the service charging.
These operators have a vested interest in keeping the walled garden-model alive for
as long as possible; for these operators the competition from the Internet services
is a clear danger to existing services and an inhibitor for allowing open Internet
access. Also, many operators fear that, for example, the widespread usage of instant
messaging software on mobile devices would diminish their highly proﬁtable SMS
messaging business. Whether or not this fear is warranted, however, is very much
an open question.
Two major developments are slowly forcing even those mobile operators resisting the
development to revisit their walled garden strategies. The ﬁrst is consumer desire
and competition; consumers are increasingly interested in using Internet-services on
their mobile devices and once a competing operator starts allowing open connection
to the Internet for their subscribers, others will have to follow sooner or later for
competitive reasons. The second reason has to do with regulation; regulatory oﬃcials
generally frown upon ﬁxed or wireless operators limiting or degrading access from
their networks to other networks and there is growing regulatory pressure to allow
all subscribers uninhibited access to the open Internet [Reg05].
The ﬁrst operators allowing or even promoting open Internet access tend to be
smaller mobile operators who cannot realistically create their own comprehensive
content and services portfolio. In Finland, Saunalahti recently re-introduced the
concept of mobile ﬂat-rate packet data, something where DNA failed due to capacity
problems some years earlier [DNA03]. When a new pricing model is introduced,
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competitors are compelled to follow suit, often by matching or close to matching the
"challenger's" pricing models. This happened in Finland as well with Elisa starting
to oﬀer similar ﬂat-rate packet data plans soon after the Saunalahti announcement.
Other operators take somewhat diﬀerent approaches to encouraging open Internet
access; for example, Optus Australia has taken the route of selectively promoting
Internet-applications by promoting a MSN Messenger application and charging for
its usage on a subscription-basis. E-Plus in Germany has been actively marketing a
ﬂat-rate plan including Skype access and T-Mobile in UK is promoting open Internet
access with their Web'n'Walk plan by utilizing known "Internet-players" like Google
in their oﬀering and marketing [TMO05].
In Japan, NTT DoCoMo's I-mode has been referred to as a perfect example how an
open nature of mobile service access need not spell ﬁnancial ruin for the operator.
While ﬂat-rate data access and services in the Internet can be seen to represent an
even more open model, I-mode is also open in the sense that it is possible for the
subscriber to visit any compatible site. Soon after its launch in 1999, the service
proved wildly popular and as early as 2002, there were as many as 50,000 indepen-
dent I-mode sites in addition to the 2,000 "oﬃcial" sites [Rat02]. While the I-mode
model has so far proven quite challenging to export to other countries, it remains a
fascinating example of how an operator is capable of proﬁting from an open business
model with, of all things, mobile data being charged by volume - something that
there is a clear trend to move away from nowadays.
2.4.2 Using pricing strategies to limit open access
When open access can no longer be technically blocked, many operators are em-
ploying pricing strategies to essentially accomplish the same. By setting the data
traﬃc price for the open access prohibitively high, operators can successfully limit
the usage of the open Internet services. However, reducing access to the Internet as
much as possible is not unequivocally a good thing for any operator; appropriately
priced packet data traﬃc can be highly proﬁtable for the operators as such, so in
theory it should not matter what services are used with that traﬃc.
One example of utilizing pricing strategies geared towards discouraging open internet
access is Vodafone, one of the world's biggest mobile operators. Vodafone employs
a two-tier pricing model for packet data traﬃc. Traﬃc that comes from browsing
the operators own portal, Vodafone Live!, is free. While there is open access to the
Internet, it costs - Vodafone by default charges a volume-based fee for the traﬃc.
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There are many packet data packages with varying monthly fees available, but the
default price plan is quite expensive at ¿2.35 (3.4 euros) per megabyte of transferred
data [Vod06].
Considering analysts estimate that the total delivery cost of packet data traﬃc is
in the range of three to ten eurocents per megabyte (depending on the technol-
ogy), there is considerable room for lowering consumer packet data prices [HeB04].
As will be seen in Chapter 3, traﬃc prices of multiple euros per megabyte cause
practically all services to be prohibitively expensive. Therefore, few other reasons
than purposefully discouraging usage can be seen for such high prices. While prac-
tically all operators do oﬀer various packet data packages on a subscription-basis,
very few people utilize these packages. Also, the people that do have data package
subscriptions often use only a small percentage of the allowed traﬃc [Kiv06]. This
would seem to indicate that the current state of packet data pricing is confusing and
consumers are unable to utilize the current oﬀerings in an optimal fashion.
On the other hand, keeping the prices high and utilizing a so-called early adopter-
strategy where the services are targeted only to the relatively small portion of sub-
scribers who are willing to use the latest technologies and pay for it, is understand-
able from a network dimensioning point of view. Building packet data coverage is
expensive and if a service is priced too low, the networks could become inundated
with traﬃc as too many customers attempted to use the service. These issues related
to diﬃculties in determining the correct price for a service will also be discussed later
in Chapter 3.
2.4.3 Required developments for truly opening up the network
Due to their standardized nature and the speciﬁed infrastructure requirements, ser-
vices like CS voice, SMS and MMS will likely never be open to competition from
the so-called Internet-players. The advanced mobile data services, based on a much
more open architecture, are more likely candidates for witnessing the emergence of
non-operator competition. However, before even IP-based mobile services can really
be declared "open game" for a non-operator aﬃliated service provider wishing to
provide mobile services, many things need to happen. This discussion is mostly out
of scope for this thesis, but the following aspects of the situation give an overview
of the problems and challenges to be solved in order for mobile services to be open
to competition.
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• New payment options - mobile operators have the charging infrastructure
and a billing relationship with their subscribers; any other providers outside
the operator domain would either need to set up their own billing relationships
and charging infrastructure or co-operate with the mobile operators. The
current de facto-way of charging for mobile services is inherently operator-
controlled method called premium-SMS which will be discussed in more detail
in Chapter 3. Partly due to the charging infrastructure monopoly, the opera-
tors are capable of charging an order of magnitude greater fee from the content
providers compared with e.g. credit card processors.
• Open device market - many operators also largely control the handsets their
customers can use in their networks; features can be blocked and the installing
of applications restricted.
• Lower data prices - aﬀordable packet data pricing needs to become available
to subscribers.
• Open networks - most operators have chosen by default to give private IP
addresses to their terminals and utilize Network Address Translators (NATs)
when the terminals connect to the Internet. This causes the mobile terminals
to be essentially unaddressable and unreachable from the Internet without spe-
cialized solutions, thus severely limiting the terminal connectivity. In networks
that utilize private addresses behind NATs, NAT traversal solutions such as
STUN (Simple Traversal of User Datagram Protocol Through Network Ad-
dress Translators, [Ros03a]), TURN (Traversal Using Relay NAT, [Ros06])
or ICE (Interactive Connectivity Establishment, [Ros03b]) are necessary to
enable device connectivity.
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3 Current mobile data services
The aim of this chapter is to provide an overview of what mobile data services
are available, what are their requirements for the networks and what are the main
challenges in data service usage. The focus is heavily on advanced mobile data
services, with SMS services being paid only a cursory introduction.
3.1 Overview of available mobile data services
This section introduces the main types of mobile services. First, SMS-based services
are handled and second, so-called advanced mobile data services are discussed. The
intention is to give an overview to the mobile services which are in use today, even if
some of the advanced services can only be used with recent high-end mobile terminals
and on new mobile networks.
3.1.1 SMS, the King of the Hill
It was the invention of the Short Message Service (SMS) on GSM networks that
really started the era of mobile data services. While person-to-person messaging is
still the most important use case for SMS, hundreds if not thousands of other SMS-
based services have been developed since the inception of the technology. Aiding
the development of SMS-based services was the invention of premium-SMS numbers,
which are special numbers with a ﬁxed price associated with them: sending an SMS
to such a number will incur the stated charge, which is then billed along with one's
normal phone bill.
SMS is nowadays used for a wide variety of services. To mention a few examples from
Finland, it is now possible to order car registration information based on the license
plate number, receive public tax records information based on the persons name,
order a taxi based on your address, pay for public transportation or a car wash and
so on, all used by sending an SMS. Also, most of the primitive and highly successful
mobile content services like ringtones and logos are ordered using premium-SMS
messages. Many of the services themselves are also delivered to the phones either
as normal text SMSs or as specially formatted SMSs.
The success of SMS is easy to understand; it is now available in all mobile phones
as a standard feature and the basic functionality can be considered easy to use. It is
available in all countries with a GSM network and sending and receiving messages
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when roaming internationally in another GSM network is also possible. In Finland,
all other non-voice services dwarf in terms of relative usage and revenue to the
operators when compared to SMS. Of the various SMS services available, person-
to-person messaging is by far the service with most market value [Sne06].
While there is still room for innovation in SMS services, the services are all essentially
the same from a technological standpoint; sending and receiving SMS messages
place similar requirements on the underlying mobile networks regardless of the exact
message content. Moreover, requirements placed by SMS services are easily fulﬁlled
by even the basic 2G networks. Because of this, SMS-based services will not be
discussed further in this thesis.
3.1.2 Advanced data services
According to studies undertaken by multiple market research companies, the usage
of so-called advanced mobile data services is still comparatively low [Her05, Pit06,
Ask05]. However, with the handsets gradually being upgraded to newer ones and
3G networks becoming widely deployed, the situation is poised to change. It has
been shown that owners of 3G mobile handsets use advanced mobile data services
signiﬁcantly more than owners of older handsets [FeR05, Kiv06, Hus06]. This devel-
opment is quite natural considering that many of the advanced mobile data services
cannot even be used with older mobile phones.
The services focused on and their deﬁnitions as they are understood for the purposes
of this thesis are listed below. Some of the services listed are only in very limited
use today in the mobile domain, but all are nevertheless available for use in many
currently deployed mobile networks. Future mobile services will be considered in
Chapter 4. It should be noted that actual content for each service is purposefully
omitted due to it being irrelevant for the technical requirements set by the ser-
vice; for example, the content in the video streaming service can be news, movies,
adult entertainment, mobisodes (i.e. television episodes or short made-for-mobile
episodes) or practically any other video content.
• Browsing - all types of activity conducted by using a web-browser. This
includes services such as web banking, accessing web-based e-mail, maintaining
a blog and simply browsing web sites. Browsing of both mobile-optimized sites
as well as "normal" Internet-sites are included.
• Voice over IP - packet-switched voice services; any real-time voice communi-
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cation services utilizing packet networks instead of circuit-switched networks.
Push-to-talk over cellular (PoC) is an example of a VoIP service with very
low requirements on the networks whereas Skype is an example of a quite
demanding VoIP application.
• Peer-to-peer live video - sending and receiving of live video feed from one
handset to another; video sharing and video calls fall under this category.
• Streaming audio - streaming delivery of audio-only content.
• Streaming video - streaming delivery of audiovisual content, including ser-
vices like video on demand and broadcast TV content delivered over the packet
data network, i.e. mobile IP-TV.
• Gaming - all types of interactive gaming that causes traﬃc to be generated
over the mobile packet data network; typically multiplayer games.
• Instant messaging - usage of instant messaging-applications such as Yahoo!
Go-mobile client or Agile Messenger. Presence, though strictly speaking a
distinct service, is included under Instant Messaging in this thesis.
• Peer-to-peer ﬁlesharing - usage of peer-to-peer networks from mobile de-
vices using applications such as Symella. Only the most common usecase for
peer-to-peer networks, ﬁlesharing, is included.
• E-Mail - reading and writing of e-mail on mobile handsets. Includes tradi-
tional e-mail protocols such as IMAP or POP3-based systems as well as more
recent developments like Push E-mail.
• Downloads - downloading of a song, video clip or an application to the phone
over the mobile network. This category also includes the downloading of so-
called podcasts and video podcasts or vodcasts.
All the services listed above also include both operator-run and third party operated
services. For example, the "Voice over IP" service category includes both operator-
deployed VoIP solutions (which can include services like PoC) as well as third party-
provided VoIP solutions like running Skype over the mobile network. Many of the
services could be provided without operator support, provided there is open access
to the Internet.
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Browsing deserves a special mention. Obviously, an extraordinarily wide variety of
services such as banking, e-commerce, news, information research and entertainment
can be categorized under browsing. However, as the performance requirements do
not signiﬁcantly vary between these services, they are all categorized as browsing
for the purposes of this thesis. The result of similar browsing-related requirements
across various services used with a browser is that if one type of browsing works
acceptably, it is assumed likely that all types of browsing work acceptably.
The availability of the listed services to users naturally varies signiﬁcantly. If one
has a relatively recent high-end phone model and is a subscriber of an operator with
a 3G network, chances are most of the services are available to such a subscriber.
Of course, currently the majority of mobile subscribers globally have a quite basic
phone which is incapable of supporting many of the services discussed. Additionally,
it should be remembered that capability of using a service does not equate to using
the service; a survey at the end of 2004 indicated that while 39% of the people had a
mobile phone capable of Internet browsing, only 9% on average actually sometimes
did browse the Internet [Her05].
3.2 Performance requirements for acceptable level of service
All of the services listed in the previous section place diﬀerent requirements on the
mobile networks in order to function properly. However, having a service function
on a technical level and it being usable are two very diﬀerent things as was witnessed
by early experiences of WAP. For example, browsing in theory requires very little
bandwidth and places no strict limits on the round trip times to function per se,
but for it to be usable to the extent of not being annoying to the users, much better
performance than minimal technical feasibility-level is required [HoT06].
What further complicates things is that diﬀerent people have diﬀerent views as
to what is seen as "acceptable" quality or level of service - some may not care
about even long end-to-end delays when browsing while others become impatient
at the slightest extra delay. Even cultural diﬀerences have been shown to inﬂuence
what usability factors people consider important [Cho05]. Additionally, depending
on service factors like video bitrate (which again is interlinked with the terminal
capabilities), requirements can diﬀer dramatically. As terminal capabilities improve,
the requirements for acceptable quality of service typically increase. For example,
as screen resolutions improve, so do the bitrate requirements for any video displayed
on it for the quality to be considered acceptable [KnM05, KMS05]. Yet, there are
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always devices on the market with widely varying screen resolutions, so "one quality
does not ﬁt all". The issue of increasing service requirements will be returned to in
Chapter 4 when discussing evolutionary service development.
When all of these factors are taken into account, it is easy to see that it is impossible
to determine one speciﬁc ﬁgure as the authoritative requirement for the service to
be usable; the best that can be done is to give a range within which the acceptable
quality of service can usually be found for the service to be usable on current mobile
devices. Given these restrictions, Table 2 lists the key requirements placed on the
network by the diﬀerent services in order for the service to be usable.
The requirements listed are throughput requirements in kilobits per second, max-
imum acceptable one-way end-to-end delay and acceptable information loss (PLR,
Packet Loss Rate) in percentage of lost packets. The low-end quantitative data is
largely based on ITU-T recommendations on performance targets for data appli-
cations [TIS06]. As a ﬁnal caveat, there is no reliable usability requirements data
available from some of the services (such as peer-to-peer ﬁlesharing on mobile de-
vices), so a guestimate based on typical service usage has been provided.
The PLR aﬀects the service usability in a number of ways. The packet loss rates
quoted in Table 2 refer to error rates in the data stream reaching the applica-
tion layer, which implies that unreliable transport protocols such as UDP are used.
Applications relaying "analog" data such as voice and video can, to some extent,
tolerate information loss. For example, packet loss rate of 0.5% is typically not dis-
turbing or even perceptible on a VoIP connection. While TCP is a reliable protocol,
the underlying error rates of the network also aﬀect the functioning of the TCP
connections - when an error occurs, a retransmit takes place and the TCP through-
put speed suﬀers signiﬁcantly. As some applications may prefer to receive damaged
packets instead of missing data (as UDP drops damaged packets) or performing a
retransmission (which is the case when using TCP), another protocol called UDP
Lite has also been developed which delivers partially damaged payloads rather than
discarding the data [Lar04].
In addition to performance requirements, basic indication of the traﬃc shape asso-
ciated with the service is given. Traﬃc shape of diﬀerent services plays a big role
in network dimensioning when attempting to predict the network traﬃc patterns.
The shape of the traﬃc generated by the diﬀerent services varies widely among the
following three key characteristics:
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• Bursty: asymmetric
events, slightly downstream-
oriented in mobile use
0< 2 sec40kbps+(used at capacity)E-Mail
• Bursty, highly
asymmetric:
downstream-oriented
0< 15 sec64kbps+(used at capacity)Downloading
0
0
0
< 1% PLR
< 1% PLR
< 1% PLR
< 3% PLR
0
Acceptable 
information loss
• Continuous, symmetric or 
even upstream-oriented
• Bursty, symmetric
• Continuous, symmetric
• Continuous, asymmetric; 
downstream-oriented
• Continuous, asymmetric; 
downstream-oriented
• Continuous, 
asymmetric (one-way) or 
symmetric (two-way)
• Continuous, 
symmetric
• Bursty, 
downstream-oriented
Traffic shape
< 150ms pref.
< 400ms limit4-64+kbpsVoice over IP
< 150ms pref.
< 400ms limit16-384kbpsP2P live video
< 10 sec16-384kbpsStreaming video
10kbps+ (text IM)Instant Messaging
Seconds acceptable128kbps+(used at capacity)P2P filesharing
< 200ms for FPS
< 5 sec for TB< 64 kbpsGaming
< 10 sec16-128kbpsStreaming audio
< 2 sec64kbps+(used at capacity)Browsing
Max one-way delayRequired throughputServices
Table 2: Services and their requirements for acceptable user experience [TIS06].
• Traﬃc symmetry - the traﬃc generated by a service can be highly asym-
metrical, with either downstream (towards the mobile device) or upstream
(towards the network) traﬃc representing the majority of the traﬃc. Down-
loading and web browsing are examples of downstream-oriented asymmetrical
service, with much less information transmitted upstream than downstream
[Wil01]. Traﬃc can also be highly symmetrical as is the case with VoIP, where
for normal voice calls it can be assumed that on average equal amounts of
traﬃc ﬂows in both directions.
• Bandwidth utilization - some services, like peer-to-peer (P2P) downloads
and browsing, tend to use all available bandwidth; the bottleneck for the
service delivery speed is most often the "last-mile" radio-connection to the
user. On the other hand, the bandwidth usage for services like streaming
video is more ﬁxed and dependent on the codecs used.
• Session duration - the duration of the traﬃc varies greatly. Whereas a
browsing session creates traﬃc only intermittently and for short periods at a
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time, a streaming service can consume bandwidth more or less constantly for
minutes or even hours at a time.
From Table 2 it can be seen that diﬀerent services place vastly diﬀerent requirements
on the mobile networks. Some services, like browsing, can tolerate lengthy delays,
while others, such as voice over IP, are very demanding in this respect. Similar
extremes can be found from all categories; instant messaging requires negligible
bandwidth whereas high-quality streaming video is a very bandwidth-hungry service.
Also, services with audio and/or video components are very tolerant of data loss
while "pure data" services generally do not tolerate any information loss.
3.3 Primary data service challenges
As has been noted, the service usage of mobile data services is still relatively low;
subscribers are not yet using the advanced services in signiﬁcant numbers. Some
of the most obvious reasons for this are lack of subscriber awareness of the service,
willingness or interest in using the service; according to a recent survey conducted
by Taloussanomat in Finland, two thirds of those interviewed were simply not in-
terested in using 3G services [Tal06]. However, there are several other challenges
to the uptake of advanced mobile data services, some of which undoubtedly also
negatively aﬀect the willingness and interest people have for the services. Some of
these challenges, each of which at their worst can be considered "showstoppers", are
discussed below.
3.3.1 Presence of enablers
Presence (or absence) of enablers can, in addition to subscriber interest, be seen as
one of the most basic challenges to the usage of any services. Until there are both
networks and mobile terminals capable of supporting the advanced services, there
will not be any users. In Finland, operators have often blamed old phones for the
lack of usage of new services and a recent study conﬁrms that the Finnish handset
base is rather old; the average handset in use during the second half of 2005 was a
model introduced in the year 2002. Additionally, only 0.5% of the Finnish mobile
phones were 3G-capable (i.e. supporting WCDMA) in fall of 2005 [Kiv06]. While
the portion of 3G handsets is much higher in many other countries and has since
increased also in Finland after the regulators have allowed terminal subsidizing for
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3G phones, it is clear that they still represent a minority of the mobile terminals in
most countries. Japan is likely one of the few exceptions in this regard; in Japan, the
3G subscribers now account for over 50% of the country's mobile users [WWJ06].
While the market share of 3G-devices varies greatly from country to country, they
currently represent a small fraction of the mobile subscriber base globally. It is
obvious that if only a small percentage of the subscriber base even own a terminal
that is capable of using the more advanced data services, massive take-up of the new
services is impossible in the short term. The take-up of person-to-person services
suﬀer the most from the lack of capable handsets - MMS usage, for example, is still
being held back after four years of its introduction because, among other things, of
the large amounts of terminals that do not support the MMS service.
Once the basic terminal enablers are in place, many services still require support
from the mobile operators' core network elements. For example, it is possible for
consumers to own mobile phones capable of using the push-to-talk over cellular
(PoC) feature and the basic radio networks would also support it. However, due
to operators' reluctance to launch the service and/or buy the required core network
elements, the service cannot be used. In these cases, it can be diﬃcult to justify to
the consumers why a service widely advertised and described in the phone's manual
does not work.
A certain shift in perception is also required from the users as mobile phones develop
from being just phones to much more capable and complicated devices. In addition
to a wide range of communications options (voice, SMS, MMS and more recently e-
mail, instant messaging and video calls), the current high-end mobile phones can also
be used as digital cameras, video recorders, dictaphones, music players, data storage
devices, global geographical positioning devices, digital maps and route guides, web
browsers, wireless modems and many other things that their capabilities allow either
directly or with an add-on application or device. Going from simple phone calls to
using all these capabilities obviously requires a change in how people perceive mobile
phones; a change of perception that handset manufacturer Nokia is also attempting
to instigate by calling the new N-Series devices "multimedia computers" instead of
mobile phones.
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3.3.2 Diﬃculty of use
One of the aspects that relates to the take-up of new mobile services is the ease of use
of the services - or, rather, the diﬃculty of use, starting with the initial conﬁguration
of the service. While automated delivery of GPRS settings are now commonplace,
several services still require cumbersome and diﬃcult manual conﬁguration to work.
For example, to utilize a SIP-based service such as presence on a mobile device
today, at least the following is required:
• Awareness of the service; the subscriber must know such a service is available
and be willing to use it.
• GPRS or other packet data network settings need to be properly conﬁgured;
these conﬁgurations may or may not have been delivered automatically.
• A relatively recent model phone with SIP stack capability available is required.
Typically this means a smartphone with a Symbian operating system. The
subscriber may have to manually ﬁnd and install a SIP stack to the phone
if one has not been pre-installed. Moreover, the word "SIP" likely does not
mean much to an average consumer, further complicating the setup.
• The subscriber will need to have a SIP account set up somewhere and a service
provider (be it the mobile operator or a third party) will need to set up and
run a SIP Registrar and a SIP Proxy and maintain the subscriber database.
• The SIP stack needs to be conﬁgured; for example, this process on a Nokia
E60 mobile phone involves setting 20 diﬀerent settings on the phone for each
network, some of which require inputting duplicate information under diﬀerent
setting names.
• The service itself needs to be conﬁgured.
It is clear that each step in the above list will prevent a signiﬁcant number of sub-
scribers from moving from potential users to actual users of the service. Additionally,
if conﬁguration attempts fail once or twice, the average consumer is not likely to try
the same again soon afterwards unless the service is perceived as very valuable and
desirable.
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3.3.3 Service pricing
With all the other elements in place, there is still one policy-related issue which
can eﬀectively kill any promising service before it is allowed to gain users: pricing.
This was already brieﬂy touched on in Chapter 2 when discussing inhibiting open
Internet access, but it will be looked at again in more detail and from a services
perspective here.
Table 3 lists the price incurred from using some advanced mobile data services with
various data prices. It should be emphasized that this indicative price includes the
data traﬃc expenses only - service pricing, if any, would come on top of this. If
the data fees alone raise the service price to the levels where it is already too high
or nearly too high for the consumers, it is diﬃcult if not impossible for a service
provider to build a business case on such a service. In these cases, the service
provider charging for the service in addition to the data prices would raise the price
to unacceptable levels for most users.
Listed in Table 3 are the traﬃc expenses incurred for data prices of two euros,
50 cents, ﬁve cents and one cent per megabyte. The ﬁrst price of two euros per
megabyte is in the range used by many mobile operators as a default data price
plan. Lower levels of 50 cents or even ﬁve cents per megabyte can often be reached
by purchasing a so-called ﬂat-rate data plan which includes traﬃc up to a certain
amount with a ﬁxed monthly fee. With current networks, pricing levels of 1 cent
per megabyte are diﬃcult to reach as even the plans marketed as "unlimited ﬂat-
rate" are often capped at one or two gigabytes of monthly traﬃc, which is often
considered the limit of acceptable or fair use. Also, the traﬃc delivery costs with
current mobile networks are so high that oﬀering one cent per megabyte prices are
likely to be uneconomical to the mobile network operators [HeB04]. Signiﬁcantly
lowering the delivery price per megabyte is something that the development of future
mobile networks also aims at.
Service pricing can therefore be used either intentionally or unintentionally as an
eﬀective inhibitor or blocker against using practically any mobile service, includ-
ing both operator-provided services and third party services [Mat06]. For example,
YLE in Finland has been oﬀering mobile-optimized streaming video of selected pro-
gramming at least since 2003, with current oﬀering including a range of recorded
news broadcasts [YLE03]. The service itself is free, but the subscribers will pay
their mobile operators for the data consumed while watching the videos. Practically
without exception, the mobile operators price the default packet data access at a
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€1.00€5.00€50.00€200.00
Using BitTorrent to fetch a music album
(on WCDMA network, 50MB downlink + 50MB 
uplink = 100 MB)
€1.35€6.75€67.50€270.00Watching a movie(200kbps for 90 mins = 135 MB)
€0.23€1.13€11.25€45.00Watching a YLE news video(200kbps for 15 mins = 22.5 MB)
€0.04€0.18€1.80€7.20Listening to a streaming radio broadcast(32kbps for 15 mins = 3.6 MB)
€0.03€0.15€1.50€6.00Downloading a single music file(MP3 encoded at 128kbps 3MB)
€0.00€0.02€0.21€0.82Sending an e-mail with a couple of photos(10KB + photos á 200KB = 410KB)
€0.02€0.10€1.00€4.00Browsing 10 Web pages(á 200 KB = 2MB)
€0.0005€0.0025€0.025€0.10Browsing 10 WAP pages (á 5KB = 50KB)
Price of service
€0.01/MB€0.05/MB€0.5/MB€2/MB
Price of data
Service
Table 3: Traﬃc prices of using some advanced data services with selected packet
data pricing levels.
very high cost per megabyte. When the subscriber discovers that viewing a single,
short news clip can cost him or her 10 euros or more, it is likely that he or she will
be discouraged from using the service in the future.
It is of course diﬃcult to say at what price a service becomes expensive. One way of
estimating aﬀordability is to compare the service prices to the monthly subscriber
ARPU (Average Revenue Per User), which is the average amount of money paid
by the subscribers to the operators for all services consumed. Considering that the
average monthly ARPU in western Europe is under 35 euros, most mobile services
are quite expensive with the common default data pricing of two euros or more per
megabyte of traﬃc [Inf05]; at this price, even a simple activity of browsing ten web
pages would increase the monthly ARPU and, thus, consumer expenses, by more
than 10%.
Paradoxically, too low a pricing can also cause a service to fail. If an operator
prices a service in a ﬂat-rate subscription-manner (a model where a ﬁxed monthly
fee is charged from the user regardless of how much the service is used), predicting
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the usage is important so that network dimensioning can be properly managed. If
the service uptake is signiﬁcantly higher than has been expected, the operator's
network can become congested and force the operator to discontinue the service
oﬀering. This has happened, for example, with DNA oﬀering ﬂat-rate GPRS access
which proved too popular, forcing them to discontinue the service in 2003 [DNA03].
More eﬃcient networks and building additional capacity alleviate the problem, but
ﬂat-rate pricing a mobile service is still challenging from a network dimensioning
perspective.
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4 Future mobile services
As has been mentioned, the expectations for the usage of advanced data services
have been and continue to be high. But regardless of their usage levels and beyond
the services already covered, what are the expected new mobile services and their
requirements? This is a question that many have sought an answer to in search for
the "killer-application", especially in attempting to spur mobile data usage, but the
answer remains elusive [ISL05]. It could be even said that SMS has been the ﬁrst
and, so far, the only killer application for mobile data.
Based on the Long Tail theory, one could argue that despite the intense search, a
single killer application may never actually materialize; instead, the mobile data
services may become a ﬁeld with a large number of more or less niche applications
or services, none of which is necessarily used by the majority of the users [And06].
Regardless of the implications of the Long Tail theory, this thesis focuses on what
the industry main focus also remains: services which are used by the majority or
at least a signiﬁcant number of the users. However, with the continued approach of
separating the basic service from content, this is not seen to be incompatible with
the emergence of large number of "niche" services.
In this chapter, two complementary approaches are taken in order to determine
what the future services may be. First, key drivers for evolutionary service develop-
ment are looked at - for example, progressively better quality mobile phone displays
leading to requirements of better quality video material. The second approach is to
look at new services from a revolutionary perspective; based on existing literature
and research, can any totally new, revolutionary services be expected to emerge and
achieve widespread usage in the following ﬁve to eight years? Next, some pivotal
services are considered. These are services which have a major impact on network
requirements, depending on how their usage develops. Finally, requirements set by
the future services are listed.
Before looking at the evolutionary development in more detail, it is worth pointing
out that another kind of service development is also taking place: that of popular
Internet services being increasingly used on mobile devices. Many popular Internet
services such as Google Maps, various Yahoo! services and Flickr have already found
their way into mobile devices, and it can be assumed that many others are to fol-
low. While these kinds of speciﬁc services are increasingly extending to the mobile
devices, they are not discussed in detail in this thesis - the primary reason for this
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being that they are mostly covered by the "basic" services discussed. For example,
most services oﬀered by Yahoo! are covered with the combination of e-mail, down-
loads and browsing. The same goes for such popular Internet services as MySpace,
MapQuest, YouTube and EBay - being mainly browser-based services, they conve-
niently fall under the browsing category, perhaps combined with streaming video
and/or downloads. With increasing photo and video-sharing services, however, the
upstream bandwidth requirements are also likely to increase somewhat.
4.1 Evolutionary service development
The process of gradual improvement of services can, for the lack of a better term, be
called evolutionary service development. As the mobile terminal capabilities contin-
uously improve, new requirements are placed on the services used with the devices.
Also, as the improving capabilities reach certain thresholds, new opportunities open
up in the sense that services which previously were not feasible for usage with mobile
devices can become so. Recently, this can be seen happening with video services;
ﬁve years ago it was unthinkable that television series or even short video clips could
be watched from a mobile device. Now, however, the development of various mobile
device capabilities has reached a point where this begins to be not only possible but
convenient.
In this section, three key aspects of developing technologies and their impact on
service requirements are looked at; screen resolution, processing power and storage
capacity. The mentioned video services development, for example, has required
dramatic improvements especially in these three areas.
4.1.1 Screen resolution
Screen resolution has a major impact on one of the, if not the, most bandwidth-
consuming applications: video. Impact of display size and resolution is not that
signiﬁcant for other, non-video, services - for example for Instant Messaging, Voice
over IP and E-mail screen size is a nearly meaningless measure when considering
the requirements these services place on the networks. As mentioned earlier, in-
creased screen resolution of a device raises the bitrate requirements for the quality
of streaming video to be seen as acceptable [KnM05, KMS05]. In this respect, it is
worth paying some attention to the seeming trend of constantly increasing screen
resolutions in mobile devices.
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Figures 5 and 6 below depict the development of Nokia mobile phones' screen reso-
lution grouped by year of introduction; Figure 5 shows the resolution of the majority
of Nokia's phone models introduced over the past six years (all in all 112 phones)
with a solid black trend line showing the average resolution of the phones. Figure 6
on the other hand depicts the resolution of the phone with the highest resolution on
the market at each year (i.e. highest available screen resolution among all models on
the market). An averaging trend line is shown for Figure 6 also. It should be noted
that 9000-series "Communicator"-models have been excluded from this data for the
reason that their screen resolution has remained the same (at 640 x 200 pixels) from
the year 2000 and would thus have skewed the statistics of regular phones.
Phones from other manufacturers were not taken into account due to Nokia's domi-
nant market position - it is assumed that screen resolutions for other manufacturers
show similarly increasing trends as Nokia's models. As can be clearly seen from
the ﬁgures, the average mobile phone screen resolution has been relatively steadily
increasing over the observation period. It is therefore reasonable to expect that res-
olution of video material and thus, bandwidth requirements, will also increase over
time to match the inevitably increasing demands for video which is perceived to be
of good quality.
Development of Nokia phones' average display resolution 
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Figure 5: Development of Nokia phones models' resolution during 2000-2006. Infor-
mation based on [Nok06b, Sof06].
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Maximum resolution of Nokia phones by year of introduction
(with averaging trendline)
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Figure 6: Development of Nokia phones' maximum resolution during 2000-2006.
Information based on [Nok06b, Sof06].
From Figures 5 and 6 it can be seen that the maximum resolution has increased
more sharply than the average resolution, at CAGR (Compound Annual Growth
Rate) of 69%. The average resolution has also steadily increased between 2000 and
2006, but at a lower yearly average rate of 45%. While no deﬁnitive conclusions
can be drawn from this diﬀerence, it may reﬂect the fact that in recent years, Nokia
has introduced a number of lower-end models with relatively low screen resolutions
intended for the developing markets. As extremely high-end phones or "multimedia
computers" have been introduced for other markets, a picture of clearly diverging
product portfolio emerges. This divergence of device capabilities has implications
for services also - for example for a video service to be able to please the majority
of the userbase, multiple versions of varying quality will likely need to be oﬀered of
the same content.
Due to the physical screen size limitations of mobile devices and resolution capabil-
ity of the human eye, the screen resolution increase will inevitably taper oﬀ at some
point. If one were to extrapolate the average screen resolution development ﬁve
years into the future, the average screen resolution would be approximately VGA
resolution of 640 by 480 pixels. On the other hand, considering the abovementioned
limitations, it is questionable whether the average resolution of all phones reaches
640 by 480 pixels ever, let alone in just ﬁve years - at least with the current phys-
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ically inﬂexible display technology. In any case it is reasonable to expect at least
approximate doubling of today's average resolution over the course of the next few
years. As will be shown later when the service speciﬁc future requirements are dis-
cussed, even this will have signiﬁcant impacts to changing service requirements. At
the same time it should be remembered that display technology does have room for
revolutionary improvements also; ﬂexible, rollable or projection displays may prove
to be revolutionary enablers allowing much higher resolution screens to become more
practically feasible than is possible with current technologies.
4.1.2 Processing power
Along with resolution improvements, the processing power of mobile devices has
increased in the recent years. Processing power is, however, a more diﬃcult area to
make large leaps in mobile devices than e.g. storage space. There are two primary
reasons for this. First, faster processors consumes increasing amounts of energy
and battery capacity remains very limited even in modern mobile devices. Second,
more processing power will generate more heat as a byproduct - heat which is very
diﬃcult to disperse and dissipate in a small device, especially one that is often held
in a warm hand that does not conduct heat particularly well away from the device.
Due to the heat problems, there is a so-called 3W dilemma; the sustained heat
dissipation of a mobile device of typical form factor cannot be more than 3 watts
before problems with heat dispersion emerge [SRJ05]. This, in addition to limited
battery capacity, leads to problems when developing faster processors for mobile
devices. Despite the limitations, processors used in mobile devices today are vastly
more powerful than in phones some years ago. Yet, with also increasingly power-
hungry applications being used, there is hardly any extra capacity available. One of
the most processing-intensive applications for mobile devices is the decompression
of a video stream; even most modern mobile devices are only barely capable of
displaying smooth, high frame rate video at their native screen resolutions.
Overall, processing power developments in mobile devices are rather diﬃcult to
quantify, not least due to industry reluctance to announce what processors and
processor speeds they are using in the mobile devices. In general, due to the various
problems in increasing CPU power in mobile devices, processing power issues can be
expected to more likely slow down than speed up development of new services; i.e.,
it is highly improbable that, unlike in the PC world, signiﬁcant amounts of surplus
processing power would be available in mobile devices in the near future.
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4.1.3 Storage capacity
In basic mobile phones, information such as calendar entries and phonebook details
can be stored in relatively small space, even on the very limited space provided
by the SIM card. When all that mobile phones were capable of doing was making
phone calls and sending SMS messages, the small memory capacities were not a
problem. However, newer models equipped with high-resolution cameras as well as
music players and video recorders require much more memory to function in a usable
manner; there needs to be space to store the images, video and music. As a single
picture taken with a three megapixel camera takes approximately one megabyte of
storage space and a CD-quality song encoded in MP3 format typically takes up
somewhere between three and ﬁve megabytes, there is a clear demand for a lot of
storage space on current mobile devices.
To fulﬁll these memory requirements, phone manufacturers have begun to include
a slot for a separate memory card in the phones, similar to those found in digital
cameras. While a mere ﬁve years ago phone memory was very limited and not
expandable, one or two-gigabyte memory cards are now standard accessories for
new high-end phones. The most common standards supported currently are Memory
Stick Micro, MicroSD and MiniSD with capacities of up to two gigabytes (as of this
writing in summer 2006).
It is estimated that by 2010, as many as 60 percent of all mobiles phones are expected
to have a removable media slot [Hir05]. Some phones, like the Nokia N91, also come
equipped with an internal hard disk with current capacities of several gigabytes.
Additionally, SIM card capacities are in the process of being greatly expanded from
the typical 32 to 128 kilobytes to as much as 512 megabytes [Gie06]. Overall in
the semiconductor industry, the increase in memory capacity has followed Moore's
law-like growth for at least the past 15 years and shows no signs of diverging from
it [Dix03].
If one were to extrapolate the current trends, mobile devices with a storage capacity
of up to tens of gigabytes would not be uncommon in the year 2010 or a couple
of years thereafter. While additional storage does not as such create new services,
it does act as one critical enabler for storage-intensive applications and services by
allowing local storage of media content.
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4.2 Expected revolutionary services
Service revolution, for the purposes of this thesis, is taken to mean the sudden
emergence of a completely new service which is usable on a mobile device. Service
revolution can be seen to take place in at least two diﬀerent ways. Firstly, at
some stage of service evolution, a revolution can happen - once a service gradually
improves, it can at some stage become "good enough", and can then seemingly
suddenly enter into widespread use. These services may have been in use elsewhere
- for example, the PC domain - but have been non-existent in the mobile domain. We
are already seeing that as mobile device capabilities improve, several services which
have originated from the PC world are now entering the mobile domain; browsing is
one such service which is in the process of making the "jump" from PC to mobile.
Secondly, entirely new services can appear in the marketplace that have simply not
been there before. This latter method of new emerging services is the focus of this
section. As no presumption will be made that the author would be capable of pre-
dicting the revolutionary new services better than others, the method of identifying
these services is through a review of some key earlier research on the subject.
Many projects large and small have been undertaken in an attempt to determine
what the mobile future will look like and what the new services will be. One of the
most comprehensive approaches is that of mobile IT Forum's (mITF) 4th Genera-
tion Mobile Communications Committee. They have published a document called
"Flying Carpet II", which includes numerous new service visions [Mit04]. Another
major project is the Wireless World Research Forum (WWRF) with a comprehen-
sive approach at researching technologies and services for the wireless future [Taf04].
Domestically, Helsinki Institute for Information Technology (HIIT) is conducting re-
search into future mobile services, in particular focusing on middleware for future
mobile services. On the commercial front, many analyst companies like Gartner,
Burton Group, Jupiter Research, Ovum and IDC are constantly in the process of
attempting to identify the next "big thing" in the mobile applications space, though
typically they focus on a somewhat shorter timeframe than academic studies.
This section looks at the results of these and other research projects and attempts
to ﬁnd any common trends visible in the new application research. These themes
arising from existing research will be covered ﬁrst. Since the emergence of the new
applications may require much more than just better performance from the under-
lying mobile networks (the focus of this thesis), the other required enablers for these
services will also be brieﬂy discussed. Finally, the services chosen as representative
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new services for the requirements they place on the networks will be chosen.
4.2.1 Themes from existing research
There are at least three or four distinct domains where mobile service research
is being performed; of these, academic research projects and commercial analyst
companies have already been mentioned. Additionally, the mobile operators and
equipment vendors are actively looking for services that they might proﬁt from and
which would drive the usage of their new networks. A fourth domain includes the
application developers, though visibility into research performed by these compa-
nies, like the operators and vendors, is very limited for understandable commercial
reasons.
From the review of the academic research of new revolutionary services, speciﬁc
services which would clearly be the new killer mobile services are diﬃcult to iden-
tify. This is understandable; if such applications existed, they probably would have
already been pushed heavily as the next "killer app" and the development eﬀorts
would have been focused on those potential star applications. Additionally, speciﬁc
services are lacking from many research projects as they instead focus on overall de-
velopment themes. These main themes tend to focus on four main areas: ubiquitous
computing, adaptive services, location-based services and multiradio terminals.
On the academic front, commonalities can be found from mITF and WWRF work
especially in the emphasis they place on location-based services, actions performed
by diﬀerent types of mobile agents, high-quality multimedia, Digital Rights Man-
agement (DRM) and privacy management [Mit04, Taf04]. Signiﬁcant amount of
academic research on mobile services is also undertaken in Korea, especially at the
Mobile Service Research Department of Electronics and Telecommunications Re-
search Institute (ETRI). While acknowledging that there is no clear agreement on
what the next generation mobile services will be, they highlight some of the same
themes as the above research; advanced multimedia services and location based
services [Ryu04, RyP05]. Likewise research done at the City University of Hong
Kong emphasizes the personalized nature of next generation services, along with
GPS-based location awareness [YuH03].
Other recurring subjects for next generation services include emphasis on Quality
of Service (QoS) characteristics of the networks, multimode terminals capable of
seamlessly connecting to many diﬀerent networks as well as security and privacy
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enhancements. While important, many of these service visions or goals do not
have immediate near or mid-term impacts to the performance requirements that the
services place on the underlying networks - therefore, they will not be discussed at
length in this thesis.
The trouble with making forecasts is that they are often wrong. For example, some
of the predictions made by mITF as recently as 2004 have already proven to be
too optimistic. For example, positioning down to few centimeters in accuracy was
predicted to be possible in 2005-2006, something that we already know is not possible
in wide-area mobile networks and probably will not be for a long time to come. Also,
internal storage capacity for mobile devices was seen to reach 10 gigabytes by the
end of this year, a prediction that is oﬀ by almost an order of magnitude even with
current relatively high-end phones - but while seemingly a large miss, it is likely
that these storage amounts will be reached in another year or two at least in the
high-end phone models.
Of the commercial analyst companies, one oft-mentioned important new service is
mobile IP-TV - which, of course, is only new in terms of mass deployment as tech-
nically such services are already available and deployed. Despite often focusing on
more immediately deployable services, the analyst companies share many common
themes with the academic research results: Gartner, for example, is also expecting
location-based services to have a major impact on mobile data oﬀerings within the
next ﬁve years. VoIP, E-Mail, search and presence are seen as the other services
with major impacts during the observation period [She06, Red06].
As mentioned, visibility into research performed by mobile operators, equipment
vendors and application developers is quite restricted. In practice, visibility into
their research and beliefs on what the next successful mobile applications will be is
limited to observing the services that they are marketing. It seems that the already
productized services do not necessarily fair well on the market despite the obvious
strong beliefs to the contrary. For example, many operators, especially when 3G
networks were being rolled out, placed video calls at the heart of their 3G oﬀers
[Hus05]; however, the actual take-up of video calls so far has generally been quite
low [Tec06, She06].
Peer-to-peer (P2P) services and multimedia are heavily represented in almost all
research performed by all parties on future services. Neither, however, can really be
considered to be a revolutionary new service as both are already widely available on
the ﬁxed side and also, especially multimedia, on the mobile side. As such, multi-
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media and P2P have already been discussed as existing services and what remains
is a gradual improvement or revolution through evolution. There are, of course,
visions of ﬁve senses-multimedia which would incorporate touch and smell sensa-
tions [Mit04]. However, considering the amount of technological advances required
before this kind of multimedia becomes a widespread possibility in mobile devices,
it is a relatively safe choice to not take this form of multimedia into account as a
viable widely used service within the next eight years, the end of the forecast period
considered.
It can already be seen that the list for entirely new services is not very long in the
short term; this is partly due to many advanced services having already been taken
into account in Chapter 3, but also due to the fact that it is next to impossible
to predict what new services will emerge in the mobile domain. Instead of new
revolutionary service(s) being introduced in the near term which would drive the
development of the new mobile networks, the most stringent requirements in the
near-term will likely be placed by services which are on the verge of becoming
usable but will require e.g. increasing amounts of bandwidth in order for the user
experience to be acceptable or positive. The clearest such trend in the near future
will likely be with the video delivery and P2P services, which will be discussed
further in the section covering pivotal services.
The apparent lack of many concrete ideas for revolutionary new services could also
be explained in a somewhat more discouraging way; that most services which people
are willing to use on their mobile devices have already been invented and there are
no revolutionary new services in sight in the near future.
4.2.2 Required enablers
Many revolutionary services require developments from many diﬀerent areas in order
to be successfully deployed. While the emphasis of this thesis is the requirements
they place on network performance, also other factors signiﬁcantly impact the via-
bility of the revolutionary services.
One such thing is device support. For example, one service category which has
long been heralded as signiﬁcant are location-based services. However, while to
some extent technically already feasible and implemented, actual enablers for ac-
curate location-based services have been, and to a large extent still continue to be,
lacking. The network-based positioning systems have been both impractically inac-
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curate and heavily charged and controlled by the operators. Separate GPS modules
function relatively well, but are impractical for everyday use. Only with mobile
phones equipped with integrated GPS receivers can mobile location based services
be expected to "take oﬀ"; so far, however, very few phones have been introduced
with this capability integrated.
Another important category is network support - not in terms of performance, but
in terms of required software and other elements to support the service. An example
of a service which is becoming widely supported in mobile handsets but is in many
parts of the world largely lacking the required network support is push to talk over
cellular (PoC).
Finally, one immaterial enabler which has already been mentioned in Chapter 3
deserves to be mentioned again: ease of use. In all fairness, many services which
have the theoretical potential of becoming extremely widely used are already in
existence, but have yet to reach their full potential largely due to a wide range of
usability problems, including logistical problems and challenges in service discovery,
distribution and installation of the applications also play a role. Examples of such
applications that are already in existence are various adult services, gambling, stock
trading, banking and even mobile karaoke [ISL05].
It should be emphasized that requirements not linked to network performance are
often the most important factor in deployment of new services. As one looks at
the expected future services, surprisingly large number of revolutionary services
seem to require very little bandwidth - for example, real-time language translation
functions, image recognition and environmental sensors mentioned in mITF research
are all examples of new services which do not explicitly place signiﬁcant performance
demands on the mobile networks. In short, this means that many revolutionary new
services do not necessarily require the development of new mobile networks.
4.2.3 Chosen revolutionary services
Considering the discussion earlier in this chapter, it becomes apparent that there
may be only a few speciﬁc revolutionary new services to be expected during the
timeframe considered in this thesis. As also discussed before, there are many reasons
why this is not surprising as such. Additionally, many of the new revolutionary
services are of the kind that they do not place any particular requirements on the
performance of mobile networks and, not belonging to the scope of this thesis, such
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services are largely bypassed.
Chosen here as key future services, aside from the evolved services, are the following
services which will represent the revolutionary new services in this thesis. The choice
of these four services was based partly on their popularity in the future service visions
(the ﬁrst two services) and partly on the requirements they set on the underlying
mobile networks (the latter two services).
• Location-based services. This is one service category which is consistently
mentioned as an important category of new services in practically all compre-
hensive research that deals with future mobile services. It is assumed "only"
GPS-level accuracy will be available within the following eight years.
• Mobile agents. Mobile agents, specialized pieces of software, can be deployed
in a number of diﬀerent ways but the general idea of a mobile agent is to
perform routine duties like searches, ticket bookings, news fetching and such
on behalf of the user. Tools currently available for subscribing to RSS feeds
could even be considered a pre-stage of a very primitive mobile agent.
• Virtual reality. While requiring many diﬀerent technological advances before
virtual reality can be achieved with a mobile phone, this was chosen to the list
because of its extreme requirements to the underlying network performance -
estimates for required bandwidth for virtual reality are in the range of 70-100
Mbps [Cis06].
• Data backup. This service is primarily discussed in the mITF research [Mit04].
Considering the increasing amounts of storage that mobile devices have, back-
ing up that data will be of increasing importance. This is the case especially
because, as small devices carried everywhere, mobile devices are much more
prone to being lost or stolen than stationary PCs at home.
Of the listed services, location-based services and the data backup service can be
expected to become available and deployed ﬁrst. Mobile agents are a bit more ﬂuid
concept and it might be diﬃcult to actually say when a piece of "helping hands"
software becomes a mobile agent. Virtual reality, however, is a service that is not
likely to be available on mobile devices themselves during the observation timeframe
but is included because of the extreme requirements it sets on the services - there are
currently no other services in existence with higher bandwidth requirements than
diﬀerent ﬂavors of virtual reality applications.
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It must be emphasized that the above revolutionary services do not among them-
selves, nor together with the other evolutionary or revolutionary services presented
earlier, represent a comprehensive or deﬁnitive list of the possible future mobile ser-
vices. Like SMS, service revolutions often tend to be unplanned and it is perfectly
feasible that a new, completely unheard of service will emerge and pose unprece-
dented requirements on the mobile networks. But, by deﬁnition, prior visibility to
such sudden revolutions is next to non-existent.
4.3 Pivotal services
Some services play a particularly important role in the overall picture of services' re-
quirements for mobile networks; these services are here called pivotal services. They
are pivotal in terms of the requirements they set for the mobile networks; in other
words, these are services which, if they become popular, will place extraordinary
requirements for the networks. In particular, pivotal services are those with high
data consumption or very low RTT needs; as these characteristics largely determine
what kinds of networks are required to support the services.
There are currently main two types of content with high data demands; audio and
video. While text-based content size is measured in kilobytes and even photos and
pictures typically in tens or hundreds of kilobytes, audio and video take up two or
even three orders of magnitude more space and transmission capacity. A typical
good-quality song encoded in the popular mp3-format takes up about three to ﬁve
megabytes and watching a streaming video encoded at 512kbps for half an hour
consumes well over 100 megabytes worth of bandwidth.
Two pivotal services are currently in the early stages of being widely deployed: mo-
bile IP-TV and a range of peer-to-peer applications, mainly consisting of ﬁlesharing.
Basic requirements for streaming video delivery was already discussed in Chapter
3 and they mostly apply to IP-TV also. While current 3G and HSDPA networks
can in theory support the bitrates required, capacity limitations quickly become an
issue if the service becomes widely used. For example, in WCDMA networks the
maximum carrier capacity is 2Mbps [HoT00]. This capacity is used up with just a
few subscribers watching mobile TV simultaneously and the capacity problem would
get worse as the quality requirements for the video increase.
Of P2P applications, the currently dominating usecase is ﬁlesharing. P2P applica-
tions are in some senses even more demanding than video services. While they do
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not usually share the requirement of being "real-time" and do not require fast round
trip times, ﬁlesharing often tends to consume all available bandwidth in both up-
stream and downstream directions for extended periods of time, which creates vast
amounts of data traﬃc. Indeed, on the ﬁxed Internet side, P2P traﬃc is already a
dominant traﬃc form of all Internet traﬃc [Par05].
What makes the case of mobile IP-TV particularly interesting in terms of it being a
pivotal service is that there are two quite diﬀerent methods of distributing the mobile
TV content. Unlike with mobile P2P, which either will or won't become popular,
with mobile IP-TV it also matters how it will become available. The other delivery
method is via cellular mobile networks while the other relies on a separate terrestrial
digital broadcast network technology such as DVB-H. While there have been some
encouraging examples of successful deployments of both types of television delivery,
which way the world of mobile IP-TV will lean towards in the long run is as of now
very uncertain [Reg06, HBP06].
This uncertainty creates a dilemma for mobile operators: if mobile TV usage takes
oﬀ mainly on the cellular side, their networks could easily become congested if
they do not invest in additional capacity early enough. If, on the other hand,
mobile TV takes oﬀ mainly on the terrestrial broadcast side, this service does not
create additional requirements for the existing mobile networks. Building capacity
to support either solution is very expensive, so unused capacity must be avoided
at all costs. While technologies such as Multimedia Broadcast Multicast Service
(MBMS) are being developed to ease the network load on media delivery over cellular
networks, it is far from certain whether it will be enough to tip the scale in favor of
cellular delivery.
4.4 Network requirements set by future services
Drawing together the content of this chapter, what requirements do future services
place on the mobile networks? Table 4 lists both the completely new services identi-
ﬁed as well as the evolved services and the requirements they place on the networks
in terms of performance. For evolved services, a timeframe of ﬁve to eight years is
assumed with the device capabilities evolving as has been described above. Require-
ments for Instant Messaging service are not expected to change signiﬁcantly in the
following few years, so it has been excluded from the list - for IM, ﬁgures listed in
Table 2 still apply.
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It should be emphasized that performance requirements are especially diﬃcult to
determine for the revolutionary services. The numbers listed in Table 4 are approx-
imations based on development of service requirements and device capabilities and
should therefore be considered as a general guidance which may change signiﬁcantly
as these services near deployment. For detailed explanation on how the require-
ments were determined, please refer to Appendix A which covers each service's
requirements in more detail.
Predicted requirements for 2012 based on service evolution
Data backup
Virtual reality
Mobile agents
Location-based services
E-Mail and downloading
P2P filesharing
Gaming
Streaming audio
Streaming video / 
mobile IP-TV
P2P live video
Voice over IP
Browsing
Services
256 – 3072 kbps
70 – 100 Mbps
384 kbps – 1 Mbps
32 – 64 kbps
128 – 512 kbps 
384 kbps – 10 Mbps
< 128 kbps
40 – 160 kbps
384 – 512 kbps
384 – 512 kbps
32 – 64 kbps
128 – 1024 kbps
Expected throughput requirement
< 5 sec
< 150 ms
< 400 ms
< 1 sec
< 5 sec
< 5 sec
< 200 ms (first-person shooter-type)
< 5 sec (turn-based games)
< 5 sec
< 5 sec
< 150 ms preferred
< 400 ms limit
< 150 ms preferred
< 400 ms limit
< 400 ms
RTT requirement
Table 4: Predicted requirements placed by future mobile services.
Comparing the requirements of the evolved services to their present-day counter-
parts listed in Table 2 sheds light on how the services are seen to develop over the
following ﬁve to eight years. It can be seen that both the lower and the upper ends
of the service requirements for throughput uniformly rise, which is largely due to
increasing quality requirements. The same development leads to slightly stricter
RTT requirements, especially at the higher (slower) end of the scale. However, ac-
ceptable information loss is not seen to change over the observation period and for
this reason, this column is not repeated in Table 4. As a summary of the evolution-
ary service requirement development, it can be said that there is a clear and steady
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increasing trend for the requirements of most services, with requirements for some
services (like streaming audio) reaching levels where they are expected to remain for
quite a long time to come.
The requirements placed by revolutionary new services are also listed in Table 4,
making up the four last rows. It can se seen that for the most part, their requirements
do not dramatically diﬀer from the "evolved" requirements of the existing services.
Virtual reality is, however, a clear exception - the demands this service places on
the networks are so stringent that they are at least one order of magnitude more
demanding than requirements of any other service.
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5 Requirements and demand for future mobile net-
works
Now that an overview of current and future mobile services as well as current mobile
network technologies has been presented, it is time to direct the attention to future
mobile networks. This chapter begins by introducing those future mobile networks
which can be expected to be deployed within the observation timeframe of ﬁve to
eight years into the future. Based on this information as well as the information from
previous chapters, a service mapping is then performed to indicate which services
will function in which networks. Next, timing of the new networks is discussed to
conclude whether the new networks will be needed when they are currently projected
to be deployed and ﬁnally, some other aspects that must be taken into account when
deploying future mobile networks and services are discussed.
5.1 Emerging mobile networks and their capabilities
Several new cellular network technologies are currently in various stages of devel-
opment. Table 5 reviews the most important upcoming technologies and their per-
formance characteristics. As there is no real-world data available for most of these
networks, most performance ﬁgures are educated guestimates by the developers of
the technology - other performance ﬁgures may be altogether missing. Of these net-
work technologies, HSDPA (High-Speed Downlink Packet Access) is furthest in the
development as it is already being deployed in numerous countries [GSA06]. Contin-
uing the generation labeling, HSDPA is also referred to as 3.5G. HSPA (High-Speed
Packet Access) consists of two distinct steps; HSDPA and High-Speed Uplink Packet
Access (HSUPA), with the latter enhancing the uplink speeds to up to a theoretical
limit of 5.7 Mbps [3GA06b].
Next on the list is 3GPP's so-called Long Term Evolution (LTE). LTE is currently
being standardized by 3GPP and it is one of the future technologies with the most
industry members involved in the speciﬁcation and standardization process. The
current target is to have the standard ready in 2007 with commercial LTE products
out in 2009 [Wim06]. Shying away from the 4G label, the 3GPP LTE standard
is called by some in the industry a 3.9G network - with this level of splitting the
generations, it is becoming clear that the generation labeling is reaching the end of
its usefulness.
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• Planned commercial 
availability in 2008
2 Mbps downlink
100kbps-1Mbps 
uplink (@10MHz)
75 MbpsWiMAX 802.16e
• Planned commercial 
availability in 2008600-4500 kbps 14.7 MbpsCDMA2000 1x EV-DO Rev B
• Commercially available100ms800 kbps3.1 MbpsCDMA2000 1xEV-DO Rev A
• Planned commercial 
availability in 2009-2010< 20 ms10 Mbps
100 Mbps downlink
60 Mbps uplink3GPP LTE
• Several commercial 
HSDPA networks in
operation
• HSUPA expected to 
become available in
2007
100-150ms
1-2 Mbps downlink 
500-1024kbps 
(HSUPA uplink)
14 Mbps (downlink)
5.7 Mbps (HSUPA 
uplink)
HSDPA
HSUPA
Development and 
deployment statusEstimated RTT
Observed or 
expected realistic 
throughput
Maximum theoretical 
throughputNetwork
Table 5: Performance characteristics of upcoming mobile network technologies
[Air06, Gri06, HBP06, 3GA06b, HoT06, DeB06, Red05, Das03].
Worldwide Interoperability for Microwave Access (WiMAX) is a relatively new wire-
less access technology of which there are already some products out. The current
WiMAX standard (802.16-2004) does not, however, support mobility and therefore
falls out of scope for this thesis. A new WiMAX standard 802.16e is being developed
with the explicit support for mobility, i.e. more or less seamless handovers between
cells. This latter standard thus falls in the scope of this thesis.
On the CDMA family development eﬀorts are now focused on CDMA2000 1xEV-DO
(1x Evolution-Data Optimized) Revisions A and B. The development of CDMA2000
1xEV-DV (1x Evolution-Data/Voice), which was supposed to be the next generation
network in the CDMA family, was put on an indeﬁnite halt in 2005 by Qualcomm
due to lack of operator interest and is thus not included in the list [Pla05]. Also
outside the list is a project called Wireless World Initiative New Radio (WINNER),
an EU industry and university consortium coordinated by Siemens working towards
enhancing the performance of mobile communication systems. The target is to
support full-mobility services requiring up to 50 Mbps bandwidth but as the research
and standards are still in very early stages and there are no planned commercial
availability dates as of yet, this technology has been excluded from the list [WWI06,
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Liu06].
Of the listed technologies, HSDPA is fast becoming a mainstream technology and
HSPA (which as mentioned is HSUPA combined with HSDPA) is a natural develop-
ment path to HSDPA. HSDPA itself can be seen as a similar upgrade to WCDMA
than EDGE was for GPRS networks [FKK05]. The technology has been deployed
during the ﬁrst half of 2006 in a number of countries, including Finland, but actual
mobile phones capable of operating on HSDPA networks will not come out until
late summer of 2006. The practical experience from HSDPA networks is therefore
very recent and focuses on using the network with data cards on laptop computers.
The fate of the other technologies in terms of their widespread usage is much more
uncertain.
There are some usability aspects to be taken into account when looking at the
performance of the future networks. First is the throughput vs capacity issue; no
network technology can support the maximum throughput performance for an un-
limited number of users. While the cell capacities vary, there can always be a limited
number of simultaneously active users in a single cell. Providing the performance
of a lightly loaded network is suﬃcient to run a particular service in the ﬁrst place,
capacity problems also tend to manifest themselves at the worst possible times; i.e.
when the usage of the network or a particular bandwidth-intensive service is just
becoming popular. As network capacity depends heavily on the network deploy-
ment architecture (e.g. on the number, size and shape of the cells, frequency used,
bandwidth available and many other factors), it will not be discussed in detail here
- nevertheless, especially for services aiming for mass consumption, capacity issues
need to be taken into account when planning the deployment of both services and
networks.
Another thing to take into account is that the new radios of faster networks place
heavy requirements on the battery life. Early stages of this network-induced battery
life problem can already be seen today: for example, a typical 3G phone has a 10-20%
shorter talktime when operating on a 3G network than compared to the operation
on a 2G network. With much faster radio technologies in the future, the increasing
pressure on battery life has a potential of becoming a major problem. Moreover,
applications that require "always on" data connectivity for extended periods of time
are extremely demanding on the battery as the cellular radio is frequently active.
Finally, it should be noted that most of the mentioned new network technologies can,
unlike most earlier standards, be deployed in varying bandwidths; e.g. a CDMA2000
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1xEV-DO Rev B network can have a bandwidth between 1.25MHz and 20MHz with
obviously dramatically diﬀerent throughput performances. The performance ﬁgures
in the Table 5 are given for 5 MHz channel bandwidth for all other technologies ex-
cept numbers for 3GPP LTE, which are stated for a 10 MHz bandwidth deployment.
Taking this into account, the actual spectral eﬃciency of the diﬀerent technologies
does not diﬀer dramatically.
5.2 Service mapping
Having gathered the information of requirements that both existing and future ser-
vices will place on the networks as well as the performance characteristics of both
existing and future mobile networks, it is now possible to map these two data in
order to determine whether the services and networks are well aligned with each
other. For all combinations of every considered service on each network, sort of
a functionality index will be determined based on how well the requirements and
capabilities ﬁt together. This will tell, roughly, how well a particular service would
work in each of the networks.
Before getting to the actual results, Table 6 presents the legend used for the ser-
vice mapping table. The service mapping result is categorized to four levels. The
highest level, indicated by a solid black circle, is attained when the upper end (i.e.
the more demanding end of the scale) of the service requirements (or, lacking a
deﬁnitive upper end, requirements for acceptable level of service) is lower than the
practically observed or predicted performance of the mobile network. It is therefore
assumed that the service will, barring capacity problems, work under all or most
circumstances.
The next level, described by a half-ﬁlled circle, indicates a situation where the
service is partially supported by the network technology in question. Partially sup-
ported means that the upper level of service requirements may exceed the observed
or predicted performance of the network technology, thus leading to some perfor-
mance problems in certain situations. However, there must still be signiﬁcant overlap
among the requirements and the capabilities.
The following level towards worsening functionality, portrayed by a circle with one
quarter black, represents a situation where the service is only marginally supported
by the network; the network capabilities and the service requirements may overlap so
that the lower end of service requirements meets near the upper end of the network
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capabilities. In most cases, services in this functionality class would suﬀer from
signiﬁcant problems or severely degraded quality of service.
Finally the last level, depicted by the white circle, indicates that even the lower end
service requirements exceed the observed network performance. Thus, the service is
deemed to be practically unusable on the particular network.
The round trip times on the other hand, act more like an on/oﬀ switch. For the
most part, when the RTT requirements are not met by the network technology in
question, the service will immmediately get a white circle as the service would simply
not work in an acceptable manner, regardless of the bandwidth available.
Requirements for the service fully met by the network technology
Requirements for the service partially met by the network technology
Requirements for the service marginally met by the network technology
Requirements for the service not met by the network technology
Table 6: Icon legend for the service mapping table.
Table 7 presents an overview of the mapping results. It gathers together a list of the
current and future services and current and future networks - at their intersection
is an icon which, as explained above, is based on how well the particular service
works in the particular network. (Or, conversely, how well a particular network
supports a particular service.) The table has been divided into four quadrants with
the means of a thicker line drawn between current and future networks as well as
between evolved and revolutionary future services. It should be kept in mind that
the service requirements analyzed are the "evolved" service requirements, i.e. the
expected requirements in ﬁve to eight years time.
Several interesting things can be discerned by analyzing Table 7. First, it can be
seen that the most widespread packet data technology, GPRS, is hardly capable of
supporting any advanced mobile data services, current or future. The situation is to
a large extent similar with both 2.5G technologies with only a couple of new services
like streaming audio becoming feasible over the 2.5G networks. Only with the 3G
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Data backup
Virtual reality
Mobile agents
Location-based 
services
E-Mail + Downloading
P2P Filesharing
Instant messaging
Gaming (FPS)
Streaming video
Streaming audio
P2P live video
Voice over IP
Browsing
CDMA
2000 1x 
Rev B
CDMA
2000 1x
Rev A
WiMAX
802.16e
3GPP 
LTEHSPA
CDMA
2000 1x 
EV-DO
CDMA
2000 1xCDMAoneWCDMAEDGEGPRS
Future mobile packet data technologiesCurrent mobile packet data technologies
Services
Table 7: Service mapping.
technologies (WCDMA and CDMA2000 1xEV-DO) can signiﬁcant improvement be
seen when it comes to supporting advanced services and even some future revolu-
tionary services. In fact, most services can be seen to work at least marginally in 3G
networks. However, judging by the poor overall support that current technologies
oﬀer to most future mobile services, it is quite clear that some improvements are
needed if all the services listed are to be deployed successfully.
Another feature to note is that there is surprisingly little diﬀerence between network
support for the evolved services and the revolutionary services. While this may
also reﬂect the choice of the revolutionary services, it is by no means clear that the
revolutionary services would somehow categorically be signiﬁcantly more demanding
performance-wise than the requirements generated by progressive development of
current services. Virtual reality, however, is a clear exception with no network
supporting it at all.
From the network support side, the clearest division by far is the jump in support
between the current and future networks; starting from HSPA networks, there is very
little diﬀerence in the future networks as to their support for evolved or revolutionary
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future mobile services. In fact, judging from the support icons, there is no diﬀerence
whatsoever between, for example, the support level oﬀered by an HSPA and a 3GPP
LTE network. Naturally, no direct conclusions can be made based on just the rough
classiﬁcation provided by the icons as other factors like capacity also play a role.
Nevertheless, the apparent lack of increased support from HSPA onwards would
deserve careful analysis as to whether the post-HSPA networks are really required
to be deployed as soon as they are being planned.
Finally, it should be noted that the Table 7 is indeed only an overview; for de-
tailed service mapping information, please refer to Appendix A, which contains a
more detailed mapping with graphs for each service against each examined network
technology as well as discussion on the background reasons for the icons selected if
appropriate. For example, the semicircle used for P2P ﬁlesharing service does not
indicate, as such, that it would be unusable in even future mobile networks - rather,
it reﬂects the tendency of the service to consume any and all available bandwidth.
5.3 Timing of new networks
Considering the estimated available services, when would the new networks be
needed? Are they being introduced at an appropriate time? Or are they perhaps
late or even early in their deployments or planned deployments?
It is impossible to give a short, simple answer to this question. The need for new
networks will obviously depend heavily on the userbase and the current service
situation in the given geographical area. For example, many developing countries
will likely do just ﬁne with 2G or 2.5G networks for many years to come. On the
other hand, countries with already widespread usage of advanced mobile services
and an appropriate supporting culture like Japan and South Korea will need the
new networks signiﬁcantly sooner.
As is apparent from Table 7, some services do require networks with higher per-
formance than that oﬀered by currently dominant 2.5G or even 3G technologies.
Nevertheless, a key question that the industry will have to grapple with is when
exactly will the new networks be needed? It is crucial for the ﬁnancial wellbeing
of the industry to avoid having either new services out before there are networks
which are capable of supporting them or new networks deployed without services or
users to utilize them. If only a small percentage of an operators customers would
use the advanced services for many years to come, the business case may fall apart
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- building of an entirely new wide-area wireless network for a tiny fraction of one's
subscribers is simply not proﬁtable.
Whenever a new service or network is launched, a small minority of the potential
userbase will use it at ﬁrst. Called the "innovators" or "early adopters", these are
the people most fascinated by whatever service is being launched [12M06]. Almost
by nature the service will be expensive at ﬁrst and gradually become cheaper as it
enters mainstream - therefore, even if one were to launch 4G networks today, there
would be some users using it. The key question to the operators, however, is whether
there would be enough users to cover the costs. In most cases it is inevitably the
mass-adoption of the services which will cover the costs of deploying a new network
and services. And it is precisely the picture with mass-adoption of new services
which would require post-HSPA networks that looks somewhat bleak.
But since some of even currently available services seem to require networks beyond
what is available now, is it then so that the new networks are indeed justiﬁed and
perhaps even late? Not necessarily, as there are two important things to keep in
mind before making any conclusions to that end. The ﬁrst is that many advanced
services with currently minimal user bases have been taken into the list as current
services - for the majority of the users these are still future services.
Secondly, it can be seen that (save for some possibly unrealistic services in the mid-
term future like virtual reality) HSPA networks are fully suﬃcient for even most of
the future services. Moreover, the functionality matrix does not diﬀer much among
the network technologies beyond, and including, HSPA. As has been mentioned,
HSPA networks are already being deployed in a number of countries - it could be
argued that not only will HSPA networks be suﬃcient to cover all foreseeable services
in our prediction period of ﬁve to eight years but that in many cases they are being
deployed too early with no real widespread need for them yet.
If one is to assume that the planned commercial deployment dates for the other new
networks hold (and considering major delays experienced with earlier network tech-
nologies before they reached real commercial maturity, this might be an unrealistic
assumption), it can be said that they, too, will come too early.
Therefore, the overall picture that would seem to emerge for most of the future
network technologies mirrors a title of an industry report by Ovum - "LTE - proving
hard to justify". The same goes for the other technologies; it does not seem that
there will be such services that require the new networks which would be used by a
signiﬁcant number of the subscriber base in the following ﬁve to eight years.
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Additional complexity is brought by the service usage patterns; where and how are
the services used? If, like phone calls, the majority of the advanced services will be
used at homes and at work while being relatively stationary, local-area broadband
wireless technologies could easily support the services with much better local perfor-
mance and at a much lower cost. Wireless LAN (WLAN) networks are increasingly
also becoming available in public locations such as cafés and parks and their us-
age is typically either free or very cheap. WLAN networks are also fast - various
802.11-standard products are widely commercially available at speeds of 11 Mbps
and 54 Mbps already today, both performance ﬁgures that the users of a wide-area
cellular networks can currently only dream about. Of course, the quoted 11 Mbps
and 54 Mbps speeds are theoretical throughput maximums, which for reasons cov-
ered earlier are in practise never achieved - however, the WLAN performance still
typically signiﬁcantly exceeds that of the cellular networks. If wireless broadband
local-area networks become ubiquitous at locations where people will use the ad-
vanced services, it throws signiﬁcant additional doubt whether deploying expensive
high-speed wide-area networks makes any ﬁnancial sense at this stage or even during
the upcoming years.
5.4 Other requirements / considerations
While the focus of this thesis has been on network performance and service perfor-
mance requirements, there are many other requirements and preconditions for the
networks and industry ecosystem to fulﬁll in order to enable the future services.
Some of these aspects are shortly discussed in this section.
One of the most important aspects is the relatively high price of mobile data. This
inevitably leads to the fact that services which require lots of bandwidth will be
very expensive and thus signiﬁcantly less desirable to the consumers. Additionally,
predicting one's data usage is notoriously diﬃcult and pricing data per volume used
is extremely counter-intuitive to subscribers. Data traﬃc should therefore be priced
in a ﬂat-rate manner; i.e. there is a single ﬁxed fee per month and one could use
as much data traﬃc as one wants with this one price, like the majority of ﬁxed
broadband subscriptions in Finland. While there is movement in the industry that
ﬂat rate data pricing will be the "de facto" standard of the future, the movement
is somewhat slow. For example in Finland, 99% of mobile subscribers were still at
the end of 2005 using a volume-based pricing plan [Kiv06]. However, while future
mobile networks promise to deliver data traﬃc at signiﬁcantly lower price-per-bit
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cost, it is reasonable to assume that price of mobile data will always be dramatically
higher than data delivered over ﬁxed connections.
Figure 7 contains similar information as Table 3 but in a graphical format with
a few example services and various pricing examples. From the ﬁgure, it can be
easily seen that in order for some of the more data-intensive services or content to
be usable over the wireless networks, the data price per megabyte will have to be
quite low. However, getting consumer prices down to 1 cent per megabyte will be
challenging even with the upcoming, more eﬃcient network technologies. It may
be that some services and/or content will remain uneconomical to distribute via
wireless technologies for a long time to come.
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Figure 7: Service prices examples.
There has been lots of discussion on the so-called last-mile problem on the connec-
tions on the ﬁxed Internet side; the core of the issue is that the copper lines leading
to the homes are often the bottleneck for increasing network speeds. The situation is
currently somewhat similar on the wireless side, namely that the last-mile radio link
is the performance bottleneck. However, with increasing over-the-air speeds of the
networks, transport capacity from the base transceiver station sites to the mobile
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core network is likely to become one bottleneck in the mobile domain. The main
reason for this is that the vast majority of these transport connections currently
rely either on T1/E1 connections or microwave radio links; especially the T1/E1
connections are relatively slow (1.544 and 2.048 Mbps respectively) and expensive
(e.g. the monthly average rental of a single E1 connection in Europe is close to
300eur [EEC05]). Oﬀering cheap data to subscribers with such high transport costs
is very challenging.
One more thing to keep in mind is that owning a device capable of using a service
and actually using a service are two diﬀerent things. Additionally, even usage of
a new service does not necessarily directly translate to increased demands on the
mobile network. For example, one of the major development areas in mobile phones
during the past few years has been the gradual improvement of the digital camera
feature. Barring the rather minimal usage from MMS services, being able to take
increasingly better-quality photographs with the mobile device does not directly
translate to any network requirements. However, indirectly they may eventually
have an impact on service requirements as e.g. larger images translate also to bigger
e-mails and downloads. Nevertheless, advanced features as such do not directly
translate to increased requirements on the network performance.
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6 Conclusions
This thesis attempted to determine whether the current and future mobile ser-
vices and networks are "synchronized" in terms of their performance - with many
new, high-performance wireless technologies being under development, will services
emerge that will utilize the higher performance of these new networks in a proﬁtable
manner?
To determine this, current mobile network technologies were ﬁrst reviewed in Chap-
ter 2. Chapter 3 turned the attention to current mobile services while Chapter 4
looked at future mobile services. Several advanced mobile data services were identi-
ﬁed and existing research into future mobile services was reviewed to ﬁnd potentially
revolutionary new services. In Chapter 5, planned future network technologies were
introduced and a service mapping was performed to ﬁnd out how each identiﬁed ser-
vice would work in each identiﬁed mobile network with a forward-looking perspective
of ﬁve to eight years.
At the introduction chapter to this thesis, several questions were posed that can
now be answered to some extent. As to the emergence of services that would always
utilize all available bandwidth in a manner proﬁtable for all parties involved, this
development seems rather uncertain in the mobile space during the prediction pe-
riod. While revolutionary services are rarely planned, several possible revolutionary
services have been considered in this thesis and there are no strong signals that ser-
vices with dramatically high performance requirements would emerge over the ﬁve
to eight-year observation period. At this point it should again be noted that capac-
ity requirements are a separate issue, one which is well highlighted by the pivotal
services.
Two pivotal services were identiﬁed that have the possibility of greatly shaping what
kind of mobile networks will need to be deployed. The main pivotal services identi-
ﬁed were mobile IP-TV and P2P services; the overall load on the mobile networks
will be heavily impacted by the development of these two services. Particularly in-
teresting is the case of mobile IP-TV services as there are two alternative, network-
usage-wise radically diﬀerent delivery methods - either through cellular networks or
(from the mobile networks' point of view) out-of-band delivery via terrestrial digital
broadcast.
The crucial question with the pivotal services has more to do with network capacity
than absolute performance numbers. Network capacity has not been a key focus
61
of this thesis, but has been touched upon in a couple of occasions - it needs to be
kept in mind that while a particular service may work on a particular network, it
does not mean that the network will be able to sustain a signiﬁcant number of users
using the same service. To some extent capacity can be increased also to existing
networks, but this means smaller cells and a greater number of handovers when the
mobile terminal is on the move. New networks may therefore be required due to
capacity reasons, not necessarily just because the raw performance numbers of the
old networks would be insuﬃcient.
As mobile data becomes cheaper, more services become feasible to be used over
the mobile networks. There is, however, a limit to how cheaply mobile data can be
oﬀered and it could be argued that the price will always be dramatically higher than
that of ﬁxed broadband delivery costs. This further highlights the important role
of short-range broadband wireless technologies like the diﬀerent ﬂavors of 802.11
unlicensed local-area broadband wireless technologies.
Service usage pattern was highlighted as one of the key issues in determining whether
new wide-area mobile networks will be required. If "hotspot" access via short-range
wireless broadband technologies continues to become ubiquitous and with an ever-
increasing number of mobile handsets supporting these networks, they may provide
the ideal channel for the usage of new bandwidth-intensive services. If, for example,
mobile IP-TV goes the way of DVB-H and P2P and other data-intensive services
will only be used at WLAN hotspots, there will be very little room for new wide-area
wireless networks.
In Chapter 5.3 a conclusion that new mobile networks will not be needed was almost
reached. However, it is still important to realize that it is not a deﬁnitive "halt"
suggestion for the development of new networks. Capacity-related reasons were
already mentioned as one possible driver for new networks. Also, the apparently low
usage of current advanced services highlights the importance of focusing on services.
While it may no longer be solely the operators who control the development of mobile
services, services should still drive the development and deployment of expensive
mobile networks. This kind of needs-based approach can sometimes be seen missing
from the industry that is so focused to just drive the deployment of merely faster
networks.
At the end of the day, the need for new mobile networks depends on how mobile
people's lives will in fact turn out to become, where will the services be used and
how will local-area wireless technologies like WLAN continue to develop and be
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deployed. If the service usage stays close to areas where cheap or free broadband
wireless local area networks (WLAN) will be available, mobile operators may ﬁnd
that any high-speed wide-area wireless network will not have enough users to cover
its building costs. With very few existing services that could fully utilize even the
current mobile networks and with so many uncertainties, it is remarkable to still see
the industry push faster networks at such an urgent pace.
Not only will the mobile terminal base not necessarily have time to catch up with
the new networks being deployed, but the industry stands to lose big by focusing
on performance of the new networks and ignoring the services; services which are
not yet mature enough to fully exploit the capabilities of even current mobile data
networks, let alone the future networks. Perhaps it is the realization that service
creation will move to the Internet, but giving up service development in the face
of change is the worst thing that can be done. Many more advanced mobile data
services could already be perfectly usable in current networks, so why not change
the aim towards usability for a little while?
Roy Amara of the Institute for the Future has said, "We tend to overestimate the
eﬀect of a technology in the short run and underestimate the eﬀect in the long run"
[Wik06]. Mobile data services will likely continue to revolutionize the way we see
and experience both the mobile domain and data services in general, but it may
take a while longer than some want to believe. The revolution will not happen
overnight and pushing new technologies where they are not needed at this time does
not advance the cause.
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A Future mobile service requirements and mappings
In Chapter 5, service mapping results were presented on a somewhat high level.
The purpose of this appendix is to go through the services one by one and present a
service mapping for each service on each examined network technology. The service
requirements are projected ﬁve to eight years into the future. As explained in
Chapter 5, the services are given an iconized classiﬁcation depicting their usability
for each network technology.
As for the network technologies' capabilities, the typical observed throughputs, or
in the case of future technologies, expected realistic throughputs, are used. In
the graphs used, please also note the somewhat logarithmic x-axis regarding the
throughput speeds. The graphs are all organized as follows: on the leftmost column,
network technologies are listed. In the middle is a bar depicting their throughput
performance and at the bottom middle cell, the throughput range required by the
service in question. On the rightmost columns, RTT is evaluated - a tick mark indi-
cates that the network RTT is suﬃcient for the service to run while an X indicates
that the round trip time requirements of the service exceed the network capabili-
ties, causing an immediate white circle to be the mapping result regardless of the
bandwidth "ﬁt". The rightmost column lists the service mapping result as an icon,
as explained in Chapter 5. Numeric ﬁgures for the service requirements can be seen
from Table 4 in Chapter 4.
There are some caveats to mention before exploring the requirements:
• Acceptable level of service diﬀers among diﬀerent users and even diﬀerent
cultures. The acceptable level depends on what one is used to experiencing,
personal preferences and so on. In short, what may be acceptable to me may
not be acceptable to you, so only average ﬁgures can be aimed at.
• There are diﬃculties especially with setting the upper limit for the service re-
quirements; with most services, the better the network capabilities, the better
the service works, nearly ad inﬁnitum. However, some upper limit has had to
be devised, and how they came to be is explained with each service.
• As a general requirement, most non-interactive services (such as streaming
audio and video) have been given acceptable round trip time levels of as much
as 10 seconds currently [TIS06]. While it is diﬃcult to see how this would
develop, it is determined that the acceptable RTT will halve to 5 seconds or
less in ﬁve to eight years time, even for non-interactive services.
• Especially for the revolutionary future services, reliable requirements are prac-
tically impossible to determine and will only become apparent once they are
closer to being deployed. However, guestimates with some basis have been
provided in order to roughly see how the services would work on diﬀerent
networks.
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Table 8: Service requirements and mapping for Browsing.
Speciﬁc requirements for browsing to work are diﬃcult to set; in theory, browsing
works even with very slow connections, but the usability obviously suﬀers on very
slow links. Accurate ﬁgures for browsing to be usable are also challenging to set, as
they can widely vary between individuals. However, there have been studies that
indicate that once the connection speed drops under 55-64 kbps, acceptability drops
signiﬁcantly [Sal05]. The limit of 64 kbps was therefore chosen to be the lower limit
to acceptable browsing experience today; as it is expected that the average page
size will continue to increase in the next ﬁve to eight years, the minimum limit was
determined to be 128kbps.
For browsing, it is diﬃcult to come up with a deﬁnitive upper limit - the faster
the bandwidth available, the better. However, considering most ﬁxed broadband
connections in use today are no more than 1Mbps in their capacity, 1Mbps speed is
here considered to be the upper level of acceptability; speeds beyond that will not
signiﬁcantly increase the user acceptability on average. An interesting feature of web
browsing is that the subjective requirements for the round-trip time increase (i.e.
become more strict) as the bandwidth increases - therefore, the RTT requirement
for the "evolved browsing" has been tightened to 400ms [HoT06].
A.2 Voice over IP
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Table 9: Service requirements and mapping for VoIP.
The requirements for Voice over IP are not seen to change dramatically over the
forecast period; for mono voice, there will not be signiﬁcant quality improvements
by utilizing bandwidths of over 64kbps, so this will remain as the upper level require-
ment. The lower level requirement is, on the other hand, seen to increase from 4kbps
to 16kbps, which is seen as the current lower limit for high-quality audio [TIS06].
The functionality index for WCDMA and CDMA2000 1xEV-DO is set to lower due
to their round trip time capabilities being very close to the VoIP requirements and
not fulﬁlling the preferred requirements.
A.3 P2P live video, streaming video and mobile IP-TV
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Table 10: Service requirements and mapping for P2P Live Video.
As all of these services consist of mostly video, they will be dealt with together. The
requirements of video-based services depend on the quality of the video necessary
for acceptable quality of service. Previously, it was explained that the video bitrate
requirements increase as the display resolution increases. It was also stated that
the average resolution of the mobile devices was seen to approximately double from
its present value. This would mean the resolution in ﬁve to eight years would be
approximately 100k pixels in total.
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Table 11: Service requirements and mapping for Streaming Video.
Obviously, with the average resolution being approximately 100k pixels, devices with
lower resolution screen will also exist. One of the resolutions that is now becom-
ing more and more common is quarter VGA (QVGA) at 320 x 240 pixels; at this
resolution, most video content reaches 90% acceptability level at 384 kbps, so this
was selected as the lower limit for the video-driven services bandwidth requirement
[KnM05].
As for the RTT requirements, live video obviously has more stringent requirements
for the round trip time than streaming video or mobile IP-TV. This is apparent
from the RTT compliancy marks for these services.
A.4 Streaming audio
Streaming audio requirements are not seen to increase dramatically; the lower end
is seen to increase from 16kbps to 40kbps and the higher end from 128kbps to
160kbps due to more emphasis on sound quality. These levels reﬂect good quality
mono audio and CD-quality encoded stereo audio respectively. Multi-channel audio
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Table 12: Service requirements and mapping for Streaming Audio.
streams beyond two-channel stereo are not seen to emerge for widespread use in
mobiles during the forecast period.
A.5 Gaming
A lower end for throughput requirement for gaming has not been determined as it
will depend heavily on the type of game played. However, the upper end is not seen
to exceed 128kbps even ﬁve years into the future. While the incorporation of VoIP
services in games can signiﬁcantly raise this requirement, it can be thought of as a
separate service on top of the game data transfer.
For gaming it should be emphasized that fairly high-performance ﬁrst-person shooter
(FPS) type of gaming is intended in this category when analyzing the round trip
time acceptability. As was seen earlier, turn-based gaming has signiﬁcantly lower
requirements and is more or less usable in all present packet-based networks. If
looking at turn-based games, they are more or less fully functional in all current
and future mobile packet data networks.
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Table 13: Service requirements and mapping for Gaming, FPS-style.
A.6 Instant Messaging
The instant messaging requirements are the only requirements not seen to change
over the observation period. Presence and Instant Messaging, being both mostly
text-based, are fully capable of working under minimal bandwidth environments.
The transmitting of photos, music or other media elements or Voice over IP are not
taken into account here. While they are often incorporated into the IM applications,
they can be thought of being a separate activity that has been covered elsewhere in
this thesis.
A.7 P2P Filesharing
It is challenging to come up with requirements for the P2P ﬁlesharing service; as
mostly a background service, it can function in very low bandwidth environments but
may not be practically usable in such situations. While this ﬁgure can be debated
and refuted, due to the increasing size of media ﬁles, the minimum bandwidth
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Table 14: Service requirements and mapping for Instant Messaging.
required in ﬁve to eight years time is seen to increase from 128kbps to 384kbps.
P2P ﬁlesharing also suﬀers from the same problem in attempting to determine the
upper limit than browsing, only worse. A distinct feature of P2P ﬁlesharing is that
it usually consumes most, if not all, of the available bandwidth (in both directions)
and obviously the faster the connection you have the better the usability as content
downloads faster. Currently P2P downloads can be done on ﬁxed links with the
speeds of 10Mbps or more so the upper limit for mobile P2P ﬁlesharing in ﬁve
to eight years time has been set to as high as 10Mbps. While this means that the
"fully meets requirements" icon will not be in use for any current or near-term future
network, it by no means implies that the service could not be used acceptably with
even some of the existing networks. The requirement was set so high to basically
indicate that P2P ﬁlesharing tends to consume all available bandwidth.
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Table 15: Service requirements and mapping for P2P Filesharing.
A.8 E-Mail and downloading
Both e-mail and downloading exhibit similar requirements setting problems on the
downlink; both are typically more or less background activities (though both can
also be used in interactive ways) and thus bandwidth or response times are not
critically important to these services. However, very low data transfer speeds will
not be acceptable in any case as the content can be sizeable and needs to reach
the terminal eventually. Therefore, the lower limit has been raised from 64kbps to
128kbps while the upper limit has been set to 512kbps - though as with browsing, the
upper limit is obviously ﬂexible and the higher the better. As for RTT requirements,
all networks meet the needs for both of the services.
A.9 Location-based services
Location-based services were selected as the ﬁrst "revolutionary" future service.
Location awareness can be embedded into many kinds of applications and services,
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Table 16: Service requirements and mapping for E-Mail and Downloading.
so the only thing to consider here is the requirements presented by the location-based
technology itself.
As location information is text-based, the throughput performance requirements are
not very strict. For the purposes of speedy location information delivery however,
limits of 32-64kbps have been selected. Round trip times should be suﬃcient so that
location updates can be delivered in a timely manner; a lag of one second or less is
seen as acceptable.
A.10 Mobile agents
As with other revolutionary services, requirements for mobile agents are diﬃcult to
reliably determine. One can, however, make some assumptions based on the activ-
ities that such agents would accomplish. It is likely that such agents will perform
some automated web browsing and use Web Services and quite likely that they will
download some information on the user's behalf. While they may also perform ac-
tivities similar to P2P ﬁlesharing, the upper end of its requirements is probably wise
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Table 17: Service requirements and mapping for Location-based Services.
to scale down from 10 Mbps.
Considering these actions, the requirements for mobile agents can be seen to be
the combined requirements of web browsing, P2P ﬁlesharing and downloading,
whichever is stricter (except the P2P ﬁlesharing upper limit). Thus, we arrive
at requirements of RTT being less than 400 ms and throughput capacity between
384kbps and 1Mbps.
A.11 Virtual reality
Virtual reality (VR), based on the currently available information, is by far the most
bandwidth-demanding service of the services handled in this thesis. It is estimated
that its bandwidth requirements are between 70 and 100 Mbps, rendering it unwork-
able even on many current ﬁxed connections [Cis06]. Due to this and that fact that
virtual reality also places remarkable requirements on the underlying hardware, it is
highly unlikely that virtual reality will emerge on mobile devices in our observation
period of ﬁve to eight years.
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Table 18: Service requirements and mapping for Mobile Agents.
It is, however, feasible that there would be demand to use wireless networks through
using mobile devices as modems to connect to VR "environments" while using a
terminal such as a PC or a laptop in a few years time. For RTT requirements,
it is seen realistic that VR will place the strictest requirements, so the lower limit
for VoIP services (150ms) was chosen. With these requirements, no current or
future mobile network technology comes even close to fulﬁlling the requirements for
a virtual reality service.
A.12 Data backup
Data backup is a highly interesting service especially for mobile devices. For PCs,
recordable CDs and DVDs have become the standard method of backing up data,
but for mobile devices there are no such built-in storage-media recording equipment
available. Yet, increasing amounts of important information are being stored on
the mobile device, much of which could be critical contact information, corporate
e-mails, personal videos and photos and otherwise sensitive data. Secure, reliable
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Table 19: Service requirements and mapping for Virtual Reality.
server-side backup is therefore a very enticing application.
To determine the bandwidth requirements, an estimate of the daily data created by
a heavy user of his or her device is determined. The example user will perform the
following actions each day:
• Take 25 photos on a ﬁve-megapixel camera on his or her phone; the data
amount will be approximately 50 megabytes.
• Take about 15 minutes of high-quality video every day; the data amount at
1Mbps stream will be approximately 100 megabytes.
• Download 10 e-mails at 5 megabytes each, adding another 50 megabytes of
data.
• Miscellaneous other activities such as new music loaded on the phone, backing
up calendar entries and phonebook etc is seen to take another 25 megabytes
total per day.
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Table 20: Service requirements and mapping for Data Backup.
Thus, the ﬁctional frequent user generates 225 megabytes of data daily that needs
to be backed up. Ideally, the backup procedure would naturally take as little time
as possible. Assuming the backup procedure can be performed in the background
without disturbing other user activities, perhaps an hour is not too long a time for
the backup to complete - this would translate to bandwidth requirement of 512kbps.
Preferably the backup should complete in a much shorter time while it may also
be acceptable to take longer under some circumstances; the selected bandwidth
requirement is therefore between 256kbps and 3072kbps, translating to a backup
time for the example user of 10-120 minutes.
For round trip time, the requirements are not very strict as the backup procedure
can be assumed to happen on the background in a non-interactive fashion. Because
of this, RTT requirements were taken from the Download service.
